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FOREWORD

This report is part of a series prepared by The Center for the Environment and
Man, Inc., for the Regional Marine Resources Council of the Nassau-Suffolk Regional

Planning Board under the continuing program: The Development of Methodologies for

Planning for the Optimum Use of the Marine Resources of the Coastal Zone. The pro-

gram is being funded in part by the Sea Grant Program of the National Oceanic and
Atmospheric Administration and is structured into six functional steps:

Functional Step One (Problems). Identifies, classifies and briefly analyzes the

problems that confront planners and decision makers with regard to the area's marine

resources.

Functional Step Two (Knowledge Requirements). Identifies the knowledge neces-

sary for making sound decisions with regard to the use of the marine resources.

Functional Step Three (State of the Art). Determines the availability and applic-

ability of existing knowledge and data.

Functional Step Four (Knowledge Gaps). Determines necessary data collection

and research activity.

Functional Step Five (Data Collection and Research Program). Collects required

data and performs necessary research.

Functional Step Six (Management Information System). Develops a system for

organizing and synthesizing the knowledge and data and provides analyzed information
to marine resource planners.

The current report is a discussion of the design for a management information
system, and i8 a product of Functional Step Six of the Marine Resources Council pro-
gram,

Views and conclusions contained in this report are those of The Center for the
Environment and Man, Inc. They should not be interpreted necessarily as the official
opinion or policy of the Marine Resources Council or the National Oceanic and

Atmospheric Administration.
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I, INTRODUCTION

Coastal zone planning and resource management requires an understanding of the
complex milieu of interactions and activities taking place throughout this region. Man
is beginning to recognize that the old methods of dealing with individual issues and pro-
blems as single fragments of whole environmental systems, such as the coastal zone,
frequently have led to counterintuitive reactions which have had an overall deleterious
effect.

The answer in the search to understand these complexities frequently has been to
recommend and conduct more research and data gathering. Large programs have been
proposed and pursued without defining beforehand how the results of individual research
and data collection projects will be used, how these results relate to those of other
projects, and what methods might be applied for making results useful for planning and
management decisions.

The Marine Resources Council program designed to support marine coastal zone
planning on Long Island has been sensitive to the needs of the planner and decision maker,
An integral objective of the program is to develop a blueprint or conceptual framework
that relates data, information, predictive techniques, environmental interactions, methods
of analysis and applications into one system of procedures, tools and instructions for use
by planners. Previous reports in this program have discussed the need to establish
knowledge requirements, to collect and synthesize this knowledge and to develop a series
of models, tools and techniques.

The above are all general and abstract terms that only convey the concept of the
needs for effective marine resource management. Collectively terms such as knowl-
edge, data, framework, procedures, models, synthesis, etc. actually describe the com-
ponents of a single system. When the hard products or activities associated with each
of the respective terms are developed and joined into a logical operating system, a
management information system results. Thus we are describing, in the present pro-
gram context, a coastal zone management information system (MIS) for use by Long
Island to aid in planning and management of their marine coastal resources.

The objective of this report is to present a design blueprint for development of

the MIS, The general and specific characteristics, structure and function of the total



system and its components, and examples of system application are described in the
following sections. A suggested sequence and time schedule for system development and
operational implementation is also discussed. The system presented has been specifically
designed for use on Long Island based on the planning and decision problems pertaining
to that region. The MIS is applicable to other geographical areas, however, in the sense
that many of the problems, environmental conditions and planning needs are common to
all coastal regions. Likewise, general management information systems design principles
will apply to all systems possessing the characteristics and objectives of the one pro-
posed here. Conseqﬁently the MIS discussed in this report can be generalized and trans-
ferable for use by other coastal regions.

Section II describes the general requirements and characteristics of the MIS.
Specifications for the total system and each of its five components are discussed in
Section IIl.  Section IV describes application of the system; while the suggested schedule
for system development and implementation is presented in Section V. More detailed
specifications for each of the five major components are covered in Appendixes A through

E respectively.:
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1. GENERAL REQUIREMENTS AND CHARACTERISTICS OF THE MANAGEMENT
INFORMA TION SYSTEM

The purpose of the management information system for coastal zone planning and

plish these four basic objéctives:

1) to know the existing condition of the environment in time and
space;

2) to predict the influence of causal factors upon the condition of

I management is to provide information which will assist the decision maker to accom-
l the environment in time and space;

3) to assess the effect of the conditions on 'marine—related activ-
ities; and

4) to select from those alternatives the combinations of activities
and conditions which best meet the mix of stated goals and needs.

The system will carry out its purpose by performing five general functions which

are:

1) to identify and describe what is involved in the problem as put
forth for analysis;

2) to identify data and relationships which will form the basis of
the analysis;

3) to provide the data for analysis in a usable fashion;
4) to synthesize and analyze the data to provide information; and
5) to present the resulting information in a manner consistent with
the needs of the decision maker.
The system should be so designed and constructed that it can be maintained at the
existing level of practical knowledge; and, as new research results become available,
can be updated without complete redesign efforts.

The system must exhibit flexibility in its uses. Single purpose systems can be

designed to operate with greater efficiency. But they cannot respond to needs beyond

their narrowly intended purpose. Such a system would not satisfy the requirements for

»

something as broadly defined as coastal zone management and planning. A system for
this purpose will provide a variety of kinds of information in varying degrees of detail

to respond to the purposes for which it is intended.



A major characteristic of the system which will meet these requirements is
its modular design. That is, the system is structured as a collection of "packages"
or components each of which has a specific function, and each of which can provide
useful information either independent of the other components or in conjunction with
one or more of them. For the purposes of system development and maintenance, each
component will be structured for peribdical updating to conform to the state ofA existing
knowledge without requiring concurrent attention of the other components, The modular
design also aids in providing the needed flexibility of use. If the need is for a straight
data display, for example, there is no need to "activate" all other parts of the system
such as data processing routines, statistical analysis packages, or analytical procedures.

The modular design also provides for early implementation of those components
for which the state of knowledge is adequate and for which adequate operational need
exists.

Modular design and construction, with modules at various stages of development,
will mean that the system, at least in the forseeable future, will consist of a mix of man
and machine performed functions.

‘Modular design also means that the system should have an executive control com-
ponent which governs the system operation. Such a component would provide the inter-
face between the '"man' and the ""machine." In computer terminology the executive
control corresponds to the main program while the other components of the system are
subroutines brought into action as the need arises. Within this context the executive
control would accept the operating instruction (input), access the subroutines, and pre-
sent the results (output). For some time to come the analyst may be required to per-
form many of the functions which are the ultimate responsibility of an executive
control. But, even if the component has no more than a read/write and calling function
it will be a part of the system from the beginning so that, as the system grows, the
executive control will grow in cohjunction with the other components and maintain an
integrated MIS. '

As the system is developed over time, it should be operational at all times regard-
less of the state of knowledge or existing data, The decision makers and planners have

problems now that cannot wait for ""better'" knowledge. Decisions which influence the

- e .

L J

»
L]

‘w
lE IlE I N .

L3



'

>

- &

I

state of the marine environment and the use of marine resources are made daily. When-
ever the MIS can provide information to help in these decisions with more timely data,
more accurate analysis and prediction, or a more systematic and thorough approach,

it should be available, If it is not made operational from its inception it will serve no

real purpose to planners and managers.



Hl. SPECIFICATIONS FOR THE MANAGEMENT INFORMATION SYSTEM

A, _General System Design

The management information system (MIS) has been Jdcsigned as a structure of

self~contained components. Each component has one or more specific functionstoperform

in providing marine resource information to planners and decision makers. Fach com~

ponent can be used either independently or in conjunction with one or more of the

others, depending upon the analysis to be performed and the kind of information re-

quested.

The components are:

The five components are designed to carry out the five general functions of the

MIS, listed in Section I, But, the relationship between a component and function is not

1) data storage and retrieval—providing a storehouse of physical,
economic and social data required for attacking the particular kinds
of problems faced by resource planners. Also provided is the cap-
ability to retrieve data in a selective manner, by subject, time and
geographic location for use in a variety of analyses;

2) environmental relationships—containing available knowledge about
cause-effect relationships, particularly in the physical, chemiecal,
biological processes which underlie problems associated with the
environment and marine resource utilization;

3) analytical design—containing the approaches which specify the
data kind, form and extent, the sequence of steps and analytical pro-
cedures and the output information which will aid the user in resolv-
ing a given decision problem;

4) synthesis and analysis—providing a data manipulation capability
ranging from data presentation methods (such as isopleth mapping)
and simple tabuiations to complex analytical procedures for predicting
the consequences of a proposed action (based on the current state of
the art); and

5) executive control—providing an overall system management func-
tion to receive input information; to maintain and update the data
storage and retrieval component; to call appropriate parts of the
system into operation; and to provide results in a manner consistent
with the needs to handle the problem at hand,

"one to one." That is, several components will contribute to a single function and a

specific component will contribute to several functions, Table III~1 identifies these
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function-component interrelationships and briefly describes the contribution of each
component to the respective functions. _

The components will be designed to perform their appropriate functions inde-
pendently. But the real value comes through the systematic interrelating of the com-
ponents to perform comprehensive analyses. Figure III-1 depicts the dynamics of the
interaction among the respecti&e cbmponents; while Table III-2 briefly describes the
nature of the interrelationships.

A detailed discussion of the individual components follows.

B. Data Storage and Retrieval

This component of the MIS is composed of three basic files:
1) the environmental data file (EDF)—to provide data describing
the conditions of the physical environment on Long Island;

2) the resource use data file (RDF)—to provide data describing
the marine related activities, uses of marine related resources
and associated problems; and

3) the literature reference file (LRF)—to provide the reference
sources of specific information pertinent to a particular problem

analysis.

The objective of the environmental data file (EDF) is to provide specific quantita-
tive data which will describe the physical, chemical and biological characteristics of
the Long Island coastal waters and adjacent shores on a geographic basis. It will con-
tain data describing physical characteristics such as topography, surface ma terial,
water depth and area, benthic materials; chemical conditions—primarily water quality
parameters; and biological condition such as types and population characteristics of
indigenous species of shell fish, finfish and other important marine and shore based
fauna and flora. The data required for management which correspond to the above
were specified in knowledge requirements Categories I and ITI in the report on knowl-

Y

edge requirements (TRC Report 4047-387).

Y "The Development of a Procedure and Knowledge Requirements for Marine
Resource Planning. Functional Step Two Knowledge Requirements." Prepared for
Marine Resources Council, Nassau-Suffolk Regional Planning Board. Travelers

Research Corp., Feb, 1970
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The EDF must be constructed to allow \}ariable length records of specific data
for any particular location and must be amenable to relatively easy updating and
expansion as new or more reliable data become available. ™ inust also be constructed
to facilitate retrieval of one or more data items for one or more locations.

To fill the need for associating data of this type (and others as well) with spe-
cific locations an area grid system is recommended for Long Island and surrounding
areas. The grid will contain x, y coordinates to locate the point positions of meaéured
and observed data; grid cells will serve as units of area for aggregating data; and the
overall grid system will serve as a framework for presenting data in map form.
Several existing grid systems were investigated and evaluated for their potential use-
fulness for the marine resource management and planning activity on Long Island.
The universal transverse mercator system (UTMS) was selected and is recommended
for this MIS component. A discussion of the systems investigated, their characteristics
and the criteria used for evaluation is located in Appendix A.

The objective of the resource use data file (RDF) is to provide information about
hurnan activities which are related to the utilization of the marine environment.and
resources. The RDF will consist of a series of records containing information about
the location and extent of such activities presently in existence as well as planned
and/or projected activities. The information contained in the file corresponds to
knowledge requirement Categories I and IV (see Table I11-3). The information is
clagsified according to the specific dimensions by which one describes and evaluates
marine resources conflicts and problems. These dimensions were presented in TRC
Regort 7722-347bl/ and are listed for reference in Table III-4. The dimensions~
information will consist of a series of records, each describing a particular problem
or conflict in a specific area. The record will contain information about the location,
extent and severity of problem, the people involved, the economic considerations, the

probable causes of dissatisfaction, and other factors important to the full understanding v

Y "The Development of a Procedure and Knowledge Requirements for Marine
Resource Planning. Functional Step One, The Classification of Marine Resource Pro-
blems of Nassau and Suffolk Counties." Prepared for the Marine Resources Council
Nassau-Suffolk Regional Planning Board. Travelers Research Corp., April 1969
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problem or location on Long Island with respect to marine resources and the marine
environment. For example, he may want to locate references on literature dealing with
design of sewer outfalls in general. Such a list could be cc..piled. C»zj, he may want
information on all biological studies conducted in Great South Bay; this also could be
compiled. It should be emphasized that this literature reference file would contain
sufficient information to describe a document and also, to identify where the document
can be obtained. It will not contain the document itself.

Appendix A describes this component in greater detail.

C. Environmental Relationships

In the analysis of environmental problems the usual approach is to search out the
factors which created the problem (the problem being defined as a dissatisfaction with
one or more environmental conditions). Such factors may be natural occurrences
(such as storms, erosion, etc.) or activities conducted by man. In any event they can be

considered causal factors. Such factors alter existing environmental conditions in

some way and these resultant changes, in turn, have an impact on man's uses of the
environment and its resources.

The environmental relationships component of the MIS is based upon this con-
cept of cause~environmental condition—effect links. When the various links are put
together in a composite so that causes and effects can be traced through a number of
steps the result is a network of cause-condition-effect relationships. Specific networks
can be constructed for each class problem or/and activity which may have an impact
on environmental conditions.

Each link in a network conceptually implies a relationship that, with perfect
knowledge, could be specified mathematically or probabilistically in the form of an
equation. If the equations were developed, and the data for calculations was available,
the ef'fects of a change in a causal factor on envirdnmental conditions and consequently
on activities could be predicted. Unfortunately, however, this is not the situation that
exists today. With today's imprecise and incomplete knowledge many links in such
networks are only qualitatively identified, or suspected, with no understanding of their
quantitative nature. But even with this incomplete knowledge the networks can provide
a valuable tool to organize the information, guide in the formulation of an approach and

conduct an analysis. Their use can insure that most important considerations have



been taken into account without overlooking possible side-effects. Figure II-2
illustrates the network concept. This example is for an analysis of the implications of
dredging. Tracing through the diagram will assist one to systematically consider the
possible changes which may 6ccur; to discard those which don't apply in that particular
case and to evaluate as well as can be done within the state of knowledge those which
appear to be significant.

This component will contain the storehouse of cause-environment conditions-
effects relationships which are used to make up the networks for the major classes of
problems. The relationships will be stored in the form of three basic matrices. The
first will have causes on one axis and environmental conditions on the other. The
second will have environmental conditions on both axes. And, the third matrix will
have environmental conditions on one axis, and affected activities on the other. Each
cell of the matrices will contain a "zero'" if no relationship between the elements exist
and a "one" if a relationship exists, or potentially exists. Using these matrices as an
information source one can develop a network similar to the dredging network for a
particular problem. Figures II-3, IlI-4 and III-5 illustrate the matrices and their
elements. Eventually as more knowledge is brought together, the cells of the matrices
will contain more informed qualitative, and finally quantitative, information about each
relationship or link. Specification of the final quantitative form of the relationship

together with the important variables and parameters is the important ultimate objec-

tive. The cells of the matrices become reference points for storing quantitative informa-

tion. This component also will contain information describing the environmental re-
quirements and limiting factors for the important uses of the marine environmental
resources such as water quality standards. Each use, or human activity conducted in
the coastal zone, has certain requirements in terms of environmental conditions. For
example, water contact recreation such as swimming requires that the water tempera-
ture be within certain limits, that the water be of some minimum: depth, that cvoliform
counts not exceed certain maximum allowable limits. These limits have been set for
water quality condition in the form of water quality standards. Where such standards
pertaining to uses and environmental conditions do exist they will be included. The

concept of standards or requirements for particular uses will be expanded as knowl-
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edge develops to include conditions or use requirements which are presently not
specified but which might be significant for the conduct of specific activities.
Appendix B describes this component in greater detais.

D. Analytical Design

The objective of this component of the MIS is to provide guidance about approaches
for analyzing specific problems. This component must eventually contain information
about specific analytical techniques, data requirements, and sequences of steps to be
carried out in the analysis of the different classes of problems. The kinds of informa~
tion needed and consequently, the kinds of output required from the MIS, vary con-
siderably from use to use. It ranges from a simple presentation of data describing
an existing situation, through a complex analysis for predicting the consequences of a
proposed action, to broad approaches for total environmental planning. We have

specified, for design purposes, four basic classes of uses. They are:

1— Response to specific data requests—This is the most straight-
forward use for the MIS. Such requests could range from a
specific item of data at a particular grid location at given tirmes
to an extensive search of the data base to identify all locations
for which a certain parameter falls within a specified value or
range of values. For example, one could request the levels of
salinity measured at a point in Great South Bay over a period of
time. This information could be used to indicate how the salinity
level is changing over time, and what, if any, cyclical patterns
appear. This could conceivably be useful to the shellfish grower
in the area.

Another example of this class of MIS use is a request for a
bibliography of literature available on a particular subject. For
instance, a person could request a list of available publications
dealing with the problem of beach maintenance on the Fire Island
Seashore.

A third type of use which falls into this class can be very im-
portant to the person who needs to evaluate a specific course of
action, but who has little knowledge of how to go about it. In this
case the MIS could be used to provide the relevant networks of
cause-environmental conditions-effects relationships including
the suggested procedure for conducting the specific analysis.

2—Analysis of proposed actions—There are many proposed activ-
ities which could have a potentially significant impact upon marine
resources and the environment, and consequently, upon other uses
of these resources. The analysis of these proposed activities to

19



predict their potential impacts prior to actual impiementation
will be an important use of the MIS. The MIS will provide the
tools for evaluating such proposed activities. This will pro-

vide an agency with a means for evaluating and p_. mitting or dis-
-allowing a proposed action.

Dredging request is one class of proposed actions which is con-
tinually under evaluation. Other class examples of proposals which
do come up for review and which could be more adequately evaluated
using the MIS are projects pertaining to sewer outfall locations,
power plant construction and beach stabilization structures. Any
proposed action which will change one or more environmental con-
ditions can be considered appropriate for evaluation utilizing the-
MIS. In the context of the cause-environmental condition-effect
concept, the analysis of proposed actions places the proposal into
a framework of a causal activity and proceeds through to attemptto
predict the changes and resultant effects. Figure II~6 illustrates the
MIS approach sequence which would be followed in an analysis of a
proposed action and depicts the relationship of the analytical design
component to the other MIS components. '

3—Analysis of problems—A problem, as previously defined, is a dis-
satisfaction is caused by the fact that the existing environmental
condition(s) precludes the use of the environment (and its resources)
for a given purpose at a satisfactory level. In this class the use the
MIS will provide information to help analyze the situation by apply~ .

ing the cause-environmental condition-effect concept in the “opposite’

direction. That is, starting with ihe stated dissatisfaction as the

effect and tracing back to identify the environmental conditions which -.

constrain the use and in turn the causal factors which have an impact
on those environmental conditions. Examples of problems for which
this class of use would apply include the loss of income in commer-
cial fishing to specific pollution incidents, recreational beach con-
gestion, loss of wetlands, and channel siltation,

4—Background analyses for planning—This use of the MIS is the
broadest and most comprehensive. Still focusing upon the cause-
environmental ¢ondition-effect concept the MIS can be used to pro-
vide an iterative evaluation of objectives (in terms of resources
uses and/or specific standards), the environmental conditions which
are necessary to meet the objectives and the changes in causal
factors to bring about those conditions. The use is iterative because
the desired changes may also affect other activities in a way that

" other problems, or conflicts, will arise. In comprehensive planning
for society’s needs the various components, such as housing, trans-
portation, industry and recreation compete for a share of the
limited natural resources. The use of the MIS throughout the plan-
ning process will help to guide it toward a more balanced use of
resources.
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Fig. IlI-6. Example flow of approach for analysis of proposed action.
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Figure III-7 illustrates the major steps in which the MIS would be utilized in a
broad planning activity to evaluate the implications of the plan and to help identify and
select alternatives or changes which may improve the plan’s impact on the marine
environment and related activities.

The analytical design component of the MIS will contain instructions for handling
each of those classes of uses which require more than a simple straightforward data
response.

Appendix C provides further discussion about this component.

E. Analysis and Synthesis

The objective of the ana'ysis and synthesis component of the MIS is to provide
the capability for “pulling together” and selectively “operating” on existing quantita-
tive data to provide information of use to the manager and planner.

Quantitative data, by itself has limited usefulness. Its value is greatly enhanced
by combining it in ways that describe characteristics which are not readily apparent
from observation.

The methods for analyzing data to derive significant characteristics and for
synthesizing groups of data into meaningful information range from simple techniques
to complex mathematical computations. The techniques which will be contained in
this component are categorized into four classes: geographic analysis, statistical
analysis, computer modeling and cost benefit and effectiveness analysis. |

Data analysis on a geographic basis—Given observations of a selected param-

eter (such as water temperature or dissolved oxygen) taken at irregularly spaced
sites, an analysis technique could be applied to derive values at uniformly spaéed

grid points to “fill in” blank areas and provide a picture of the areal distribution of
the parameter. Given grid point data for a particular parameter another computa-
tional technique can be used to develop isopleth (or lines of equal value) maps for
selected variables. A sequence of such maps is of particular value in showing how the
distribution of values of a parameter is changing o&er time. Techniques of this sort
are available and, in fact, in common use in the field of meteorology. They can be

transferred into this context with little or no adaptation.
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Activities

Element 1

Element 1

Analyze impact of
environmental con-
ditions on each com-
ponent of the Plan
(condition—effect)

Element 4 v

Analyze impact of
activities in each
functional area of
the Plan on environ-
mental conditions
(cause-—condition)

Products

Element 2

Analyze interrelationships and
impacts among plan components
and marine related activities

Element 3

Evaluate impacts and identify alter-
natives to reduce adverse affects
and enhance beneficial impact

Element 5 1

Evaluate the
alternatives

Evaluate mechanisms for
implementation and action

Element 6 1

Develop and detail recommendations
pertaining to Plan changes and
implementation mechanisms.

Element 7

Documentation of Procedure

Fig. II-7. Example flow of approach for background analysis for planning.
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A summary report of
cause~condition-effect
relationships, predictions,
and uncertainties for each
function area of Long
Island Plan

A working paper describing
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Statistical analysis—There will be ocoasions when one or more statistical
analysis techniques would provide information of value to the manager. Such tech-
niques will assist the manager in dealing with the stochastic, or probabilistic nature
of the data we are dealing with. Because the state of knowledge is not perfect, deci-
sions frequently have to be made on the basis of an expected result and a range within
which the result will fall. In cases where historical data are available the use of
statistical techniques to develop means and variances of distribution of variables, to
identify cycles and trends, and to develop correlations and regressions for the purposes
of estimating expected results can provide the manager with a sounder base df informa-
tion with which to make decisions under uncertainty. A large number of techniques is
~ available from the simple to the very complex. Some are amenable to calculation
using desk equipment while others require a tremendous amount of computation and
matrix manipulation and therefore are only of use with a computer. There is no intent
to have all conceivably useful techniques “oh-line,” but to have an 'adequate description
of their uses, data and hardware requirements and a source for the programs if called
for. '

Compdter simulation—A third kind of synthesis and analysis tool which is useful

in the analysis of environmental problems is the computer simulation model used to
represent the physical, chemical and/or biological behavior of the system. A model
is useful in hypothesizing a change in system behavior through simulation withoui:
actually perturbing the real system. ,
While there are a number of different kinds of models ranging from physical
scale models of existing systems to analogs, the mathematical computer model is
most useful for repeated use under a variety of conditions and hypothesized changes.
With an adequate base of knowledge a series of such models could be constructed for
general use. Ideally, a generalized simulation model for water circulation and
material transport could be presented with the boundary conditions of a particular
water body (that is, the bottom topography, depths; inflow-outflow, etc.) and be then
used to predict the consequences of a change in one boundary condition on the bcir-cula-'-
tion of water and movement of material. Simplified models do exist and are frequently
used for answering questions related to material transport, especially in conjunction

with sewage outfall placement studies. The MIS should liave existing g' eneral models
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available and on call for use; and, as the state of the art in modeling improves, the
models should be replaced with improved versions. No original modeling is proposed
for the initial MIS development.

Cost benefit and effectiveness —The manager and planner are constantly con-

fronted with decisions having seridus economic as well as environmental ramifica-
tions. Two types of questions which face the manager are:
® What are the costs and effectiveness in meeting data require-
ments of alternative systems (methods) of collecting data?
® What are the costs of alternative uses of marine resources
and how do the benefits vary?

For example, cost effectiveness methodology has been developedl/ than can
account for extensive amounts of quantified expert judgment in the form of continuous
and discontinuous Relative Worth Curves relating data worth to the meeting of data
collection requirement characteristics, The mbdel enables the manager to conduct
trade-off and sensitivity analyses to answer a series of “what if”’ questions concerning
the cosi and effectiveness of alternative data in meeting planning and decision require-
ments. The methodology and the model is particularly valuable because:

(a) an analysis can be accomplished where data from past

experience are lacking by using best estimates and opinions avail-
able from experts, and

(b) the impact of performance or results that are somewhat less
than desirable are evaluated through the use of Relative Worth
Curves.

Existing cost-effectiveness and cost-benefit techniques should be made avail- ‘
able where appropriate for use by the MIS. Again, as in the cases of statistical tech-
niques and computer simulation model, incorporation into the MIS will be based on
need for the tool.

Appendix D provides additional discussion about this component.

1ANorthrop, G. M., E. L. Davis, E. R. Sweeton and F. L. Bartholomew, 1970: A
Cost Effectiveness Methodology for Environmental Data Collection Systems. CEM
Report 4053-430, The Center for the Environment and Man, Inc., Hartford, Conn. - ...




F. Executive Control

The purpose of the executive control component is to serve as the interface be-
tween man and machine. The MIS will offer the analyst a number of choices of use
for analyzing a problem or topic of interest. These will range from a simple listing
of data to a sophisticated analysis with. a somewhat elaborate display of results. The
use of the MIS which the analyst chooses will have to be interpreted from input con-
trols by the executive control component and the correst action initiated.

The executive control must also be the custodian of the data base by being able
to enlarge and update data files as new factors are discovered and more data.is
collected. It also must be flexible enough to accommodate additional components and
related interfaces with other components as new knowledge permits. For instance,
as new physical models are developed and system dynamics are further understood,
new analytical approaches may be desired which require new component modules

and the associated new analysis procedures in the Analytical Design Component.

In order to accomplish these tasks, the executive component‘ will be able to trans-

late input language to direct action by the system. Appendix E presents a detailed dis~

cussion of the function of the executive control component.
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IV. APPLICATION OF THE MANAGEMENT INFORMATION SYSTEM

'

A. Summary of Applications

As described in Section III-D the MIS can and will be appuied to a wide range of
purposes all focusing upon natural resources and the physical environment. In review

the classes of uses are:

1) Response to specific data requests;
2) Analysis of proposed actions;
3) Analysis of problems; and

4) Background analyses for planning.

In the application of the MIS to a request for any of these uses one or more of the
components of the system will be required to perform its function. There is great.t
variation in the actual application depending upon the request, the data available, the
nature of the geographical area and resources involved, and the level of knowledge
available for application. The following discussion contains examples of applications
in each use class. Flow diagrams are also presented for each use. The diagrams
detail the sequence as it would be in an automated system. When any or all of the om-
ponents are manual the sequence will be much more variable, and the steps will be
carried out in a much less formalized fashion. |

B. Response to Specific Data Requests—Category 1

A request for a specific item or items of data could be as simple as one item or
measured environmental parameter for a given place and time, such as the salinity at
a known observation point in Great South Bay on a particular date. However, the
requests more likely will be for a series of such measurements over time for the given
location or for a group of measurements for a given time. Figures IV-~1, IV-2 and IV-3
depict the sequence of steps which would be used and show the optional paths followed,
depending upon the specific request.

A request must be initiated by someone and must include the specifics such:as
data requested and output desired. With the specified request the executive control
will access the data storage and retrieval system (Fig. IV-2). If the request is for a
literature search the literature reference file (LRF) will be searched for combinations

of the key words listed in the input. All those located will be listed and returned to the-
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28

Fig. IV-1. Illustration of Class 1 use—EXCON component.
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Fig. IV-2. Tllustration of Class 1 use—DS & R component.
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Fig. IV-3. Tllustration of Class 1 use—SYN&ANLYS component.
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executive control for printing a final output list. If none are found a message indicating
that no such data exist within the system will be returned and the request will not be
satisfied.

If the request is for data pertaining to the value of environmental or resource
use data those files will be searched (EDF and/or RDF). All data which correspond to
the request will be listed with its identifiers and returned to the executive control.

If none is found the “no data” message will be returned.

Once the data has been returned to executive control it will be printed out accord-
ing to requested format, if the request was for a straight tabular presentatjon of the
\da’ta. The execuﬁve cont\rol will then go on to the next request, if any.

There may be requests for presenting the data in other than tabular form. These
request may be for the analysis of a parameter over a geographic area to be presented
in map form. Also there may be requests for graphic presentations, or for a statis-
tical analysis such as a regression or simple means and variances of a particular
parameter. When such outputs are requested the synthesis and analysis component
will be called into action (Fig.IV-3) to perform the necessary functions and prepare the
information for output on either the printer or a curve plotter if available; and return
to the executive control to complete the output.

C. Analysis of Proposed Action—Category 2 .

One of the most significant uses of the MIS in terms of its contribution to
resource and environmental management will be in the analysis of proposed projects
or actions which will alter environmental conditions. This use, in essence, calls for
the development of an environmental impact statement which will provide information
to the decision maker.

There are many kinds of proposed actions which are potentially significant
such as: the development of a sewer system; disposal of sewage into a bay; dredging;
filling of a wetland; application of a pesticide; development of a shoreline housing
facility. To illustrate the use of the MIS in this cafegory a hypothetical application for
a dredging proposal is depicted in Figs. IV-4 through IV-9. The procedures and guide-
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lines followed for making selected analyses are based upon the information and guide-

Y,

lines developed in the previous report on dredging.
The procedure followed will draw upon data from the data storage and retrieval

component, networks from the environmental relationships component, an approach
from the analytical design component and a circulation and water quality model (if
available) from the synthesis and analysis component.
A While the procedure is put forth in flow diagram form similar to computer pro- -
gram logic diagrams the intent is to show the steps even if they all manually are com-
pleted. There is no intent to imply an automated system is i'equired to perform the
analysis.

Given a proposal or request to undertake a dredging project with a description
of location of dredging, location of disposal of material, amount to be moved, tfime,
duration and purpose of the project and technology to be used in dredging, the analyst
would ratrieve from the analytical design éomponent the approach to be used in
analyzing any dredging proposal. (This approach is listed as a series of steps in
Fig.IV-5A.) (f no approach has heen formalized for the particular action the analyst
will seek additional information. Ultimately he will seek the best judgment of selected
experts on potential environmental impacts for which no approach has been deveeloped.)

Given the steps of the approach the analyst will follow their guidance using the.
components of the MIS in whatever state they are in; he will make special note of gaps
in information and data; and prepare a statement of the potential environmental changes
and affected activities including a jngment 'of the uncertainty involved in all predic-
tions due to either a lack of knowledge, a lack of data or a low significance of the
project which precludes the resource input required for a detailed, accurate analysis.
(It would be impractical, for example, to conduct a $100 analysis if the worst that might

happen could be translated into a $5 loss.)

1 -

-/Dowd, Richard M., Dredging on Long Island, Regional Marine Resources
Council, Nassau~Suffolk Planning Board. The Center for the Environment and Man,
Inc., Hartford, Conn., February 1972,
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Fig. IV-4. Illustration of Class 2 use—EXCON component.
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(dredging)

: Return to EXCON
i sfs 5A S~ with approach
18- V- (dredging)

Return to EXCON
with NO APPROACH
message

Fig. IV-5. Illustration of Class 2 use—ANALYTC DES component.
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Fig. IV-5A. Illustration of class 2—USE—analytical design steps for dredging.

. For area to be dredged retrieve data (from DS & R)

® describing general character (wetland, bay, deep water,
inlet, etc.)

® describing benthic organisms (primarily shellfish)
king and population density

. For area to be used for spoil disposal retrieve data (from DS & R)

® describing general character (as above)
e describing benthic organisms (as above)

Check and note if dredging and/or disposal is proposed in a wetland area. Note
value of that wetland if available.

Check and note if dredging and/or disposal will disturb an existing shellfish area.
Note productivity of the area and harvest volumes if available.

. Print out the above (3 and/or 4) if they will occur. (If judged important enough tke

project may be stopped or changed.)

. If proposed project is less than 100,000 cubic years stop here. If equal or greater

than 100,000 cubic yards retrieve the analytical network for dredging (from
(Environmental Relationships) and so on (Fig. III-2).

. For area to be dredged and area to be used for spoil disposal retrieve data

(from DS & R).

benthic materials

water depths

water quality

bottom topography

marine organisms
currents/circulation
uses—existing and planned

. Select the subnetwork relevant to this project for the disposal activity (Fig. IV-17).
. Select the subnetwork relevant to this project for the dredging activity (Fig. IV-¥).
10.

Print out these subnetworks.
Print out the data gaps found to exist (see Fig. III-2).

Evaluate or judge the significance of each link in the subnetworks with information
ou the project, on the existing environment, and on the environmental relationships
{from ER).
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Fig. IV-5A (Cont.)

13.

14.

15.

For each significantly changed environmental condition check the matrix (in ER)
which identifies relationship of activities to conditions. Nowe those activities
(existing or planned) which likely will be significantly affected.

If a model and adequate data are available develop prediction of (in Syn & An)

e changes in circulation and flushing
® changes in salinity
® material transport and deposition

Develop report on predicted environmental changes, predicted impacts on uses
and uncertainties including data gaps.
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|
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See -
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Fig. IV-6. Illustration of Class 2 use—Phase I dredging analysis.
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network uses
Select
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d D—@-O deep ocean
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Fig. IV-7. Illustration of Class 2 use—Phase II dredging (network development disposal).
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Fig. IV-8. Ilustration of Class 2 use—Phase II dredging (network development dredging).
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Fig. IV-9. ﬂlustraﬁon of Class 3 use—executive control.
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In the example case of a proposed dredging project, the steps of the analytical
approach as specified by the analytical design (Fig. IV-5A) will itemize the data which
should be retrieved from the data storage and retrieval com; sent for the area to be
dredged and the area to be used for spoil disposal. _

The nature of both areas is then checked to see if either is a wetland or a shell-
fish area (see Fig. IV-6). If one or both are, this information will be made explicitly
avaiiable along with any additional information that could contribute to an evaluation
of the importance or value of the area.

At this point the project may be evaluated by decision body and judged important
enough to be stopped in its present form. If so, the analysis will proceed no further.

If such is not the case (either because the areas are not wetlands or shellfish
beds or because they are not considered important enough to stop the project) the next
step is to check the size of the project (at present based upon the volume of material
to be moved). If the project is less than 100,000 cubic yards the analysis based on '
guidelines related to spoil volume will not proceed further. If the project is 100,000
cubic yards or greater the analysis will enter a “Phase II” for more detailed project
evaluation (see Figs. IV-T—IV-8). The total network diagram dredging as shown i
Fig. OI-2 will be used along with the specification of the proposed project and the
description of the area to derive the “subnetwork’ for both spoil disposal and dredging
which is relevant to this particular project.

At this time it is impossible to systematically specify the remainder of the
analysis except in a very general way. Within the present state of the art in computer -
systems and the present state of knowledge in the subject area (to say nothing of the
practical usefulness of an automated evaluation procedure) the balance of the analysis
will require primarily the judgment of the analyst and the decision maker,

Steps 12 and 13 (Fig. IV-5A) in the analytical approach require the analyst te
follow through each link in the relevant submatrix and to judge its significance both to
changes in environmental condition and to other activities which use the affected
resources. |

A further step can be taken if the project is judged significant enough to warrant

the use of additional resources. Should the analyst judge that the potential changes in

41



circulation, flushing and associated environmental conditions be likely to cause sig-
nificant effects he may check the synthesis and analysis component to see if a model
exists to predict these changes with a reasonable degree of certa.intj and, if data is
adequate to exercise the model. In cases where the data and model exist and are
easily manipulated he may perform such an analysis as a matter of course. Where it
is not s0 easily done without a large commitment of resources he will likely not con-
duct such an analysis except in special cases.

Because of the variability in procedureé which may be followed the flow through
the steps in Fig. IV-8 indicate only only briefly the steps to be followed after the net-
works are developed.

D. Analysis of a Specific Problem—Category 3

A dissatisfaction with a given environmental condition or set of conditions is
what is meant here by a problem. The main purpose of the- MIS in the analysis and
solution of a problem will be to help seek out and verify the reasons or causes of the
condition(s) and to help analyze the effects of various-‘potential solutions.

The initiation of this type of analysis should come from the person or group who
is experiencing the dissatisfaction. He or they should be able to state quite concisely
what condition or conditions are causing the dissatisfaction, or, at least, the specific
activity which he wishes to pursue and is concerned about because of environmental
conditions. Some of the problem statements will lead directly into an analysis Which-
entails the development of planning activity for solutions. Such problems as beach
erosion, congestion of recreation areas, and lack of beach access fall into this class.
As such, they will be treated as a Category 4 (planning) use of the MIS and follow the
procedures discussed in the next section. Other problems can be analyzed on a case
by case basis and may be the cause for management action to correct the problem.
~ Such problems as specific water pollution conditions, changes in fin fish or shellfish
populations, and shoaling of a channel fall into this class. »

Upon specification of a problem by, or in conjunction with, the initiator, or the
affected party, the first step in the MIS processes is to check the compatibility of that
activity with planned uses and specified standards, then to verify that the problem ekists,
based upon the environmental data describing the specific area and parameters. If the

data exists and does not substantiate the complaint and, if its reliability is not question-
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able, thé analysis stops, and the initiator can either attempt a redefinition o_f the pro-
blem or reevaluate the situation. If the data substantiates the problem—that is, thaf
the existing environmental conditions are not adequate for the ..sired activity, an
attempt will be made to investigate the historical changes in the data to see if and how
the unfavorable conditions have been changing over time. At this point, if adequate data
exists, a judgment will be made as to whether the analysis should be stopped or
whether it warrants further investigation.

Assuming the judgment is in favor of further analysis, because the environmental
conditions have shown a marked deterioration, the next step will to to attempt to
determine the cause of the changes. In some cases there may be only one possible
cause; but more likely, there will be multiple potential causes. Some changes may be
the result of natural processes, such as the shoaling of a channel after a severe storm.
Others may be indirectly caused by the solution of other problems. For example, water
quality may be adversely affected by changing the flushing action in a bay through recon-
figui‘:a.tion of an inlet. v

Given a re.asonable assurance that the cause has been found, the next step is to
judge if some action should be taken. If action is not judged to be justified then the
results ot the analysis will be finalized, and no further action will be taken.

If action is judged to be warranted then the alternatives must be identified. Each
alternative must be analyzed as to the effects it will have on other activities so that its
feasibility can be evaluated. If a feasible solution is found then information on it will
be prepared for the decision body. If more than one solution exists the output pre-
pared wili include information on all so that expert judgment or quantifative analysis,
if available, can be exercised in making a decision.

At any time during this process there may be a point at which data does not exist.
When such a point is reached a judgment must be made as to whether the problem
warrants the resources necessary to acquire new data. Also, there may be points
where the state of knowledge is just not adequate to provide answers. At such points
there are usually three alternatives. First, the analyst can seek expert opinion to
obtain a “‘best guess” to fill the knowledge gap. When this is done it should be made
clear that is is an expert opinion and it should be accompaniedby a judgment by the

expert as to its reliability. Second, the analysis can be temporarily stopped while a
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research project is undertaken to develop the necessary knowledge. And third, the
analysis may be stopped completely if the problem is‘not judged to be significant enough
to warrant the time and cost. '

Figures IV-9 through IV-11 depict the sequence which would be followed through
the standardized MIS procedure, calling upon the system’s components to provide the
capability to conduct the analysis of a specific problem.

Fig. IV-10. Ilustration of Class 3 use—analytical design

1. For location of the problem retrieve information on acceptable activities (from
planning data, standards) (from DS & R).

2. If the activity desired is not compatlble with those acceptable reject the problem
and inform initiator that his activity is not a “conform’ use. Stop the analysis.

3. If the activity is compatible retrieve data for the location on the particular environ-
mental conditions (from DS & R).

4. If current data does not exist determine if the problem warrants data collection.
If not notify the initiator and stop the analysis. If it does, get action started and
postpone further analysis until data is available.

5. If thereis current data compare its values with the limits and range within which
the desired activity can be conducted (from ER). <

6. If the observed data values fall within the acceptable range so notify the initiator
and stop the analysis.

7. I the observed data values are outside the acceptable range check the past data
against the current data to ascertain the trend in condition. If it is constant on
decreasing in severity inform the initiator and stop the analysis.

8. If the conditions have deteriorated search for potential causes of the change.
Identify the network links which lead to changes in this particular condition (from ER)

9. Using data on activities (from DS & R) and the relationships in the links (from ERO
attempt to identify an existing activity which is likely to be the cause. Use data
(from DS & R) as necessary to perform the analysis. (For example, water circula-
tion patterns, direction and velocity will help to identify sources of a particular
water pollution incident.) -

10. If data or knowledge are not .adequate to reach a reliable conclusion seek expert
judgment outside the system and stop the analysis or collect data and do research,
model studies (S & A)

11. If a cause is established identify and evaluate possible solutions. Such solutions
may include:

¢ do nothing
® stop the causal activity
® alter the causal activity

12. Present the data and information for the decision body to act upon. Cause-effect re-

lationships, alternative actions, values and impacts of each alternative. Stop the analysis.
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Fig, IV-11. Ilustration of Class 3 use—based on analytical design.
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E. Analysis for Planning—Category 4

The fourth and final use of the MIS is its application in developing background
analyses related to planning for environmental quality and rc30urce use. In this use
the planning may be for a specific activity, such as planning to accommodate demands
for beach recreation, or for broad overall comprehensive planning for the multiple
use of the available natliral resources. Thus, there is a great deal of variability in
the kinds of approaches which may be applied. This variability is further aggravated
by the various levels of detail which may be required depending ﬁpon the purpose of
the planning activity. Feasibility planning just to ascertain if a specific goal can be
met requires liftle analysis. Planning which leads to the selection of the course of
action to be followed will require substantially more detailed analysis to reliably pre-
sent the pros and cons, or the benefits and costs. |

Given the objective of the planning, stated as a desired level of a particular
activity, there is a series of questions which if answered will provide the needed
information to the planner. The MIS procedures will assist in providing the answers:

1) Whatenvironmental conditions will meet the needs for this
activity ?
2) Where does this combination of environmental conditions

exist? (Or, what environmental conditions exist at the speci-
fied area?)

3) If the environmental conditions are not adequate can they
be altered to meet the need?

4) What impacts on other activities will occur if this activity
is developed or if the environmental conditions are altered?

Figures IV-12 through IV-14 depict the sequence and flow of steps in the MIS

procedure for preparing background analyses for planning.

46

Y

1 e

N (|
R R I



4

Al N Il = I b EE .

¢

class (i) (¥ )— ,~ Is there
K another
_ request?
..4 ‘
Y
Read input

Planned activity

level desired -
location if
necessary

CALL
ANLYT DES

See
Fig.Iv-5 ™5 >

Is there a
specific
approach?

Follow Steps

Can plan
be restated?

Reject
this
request

Request
restatement
of plan

Print |l

as specified
(see Fig.IV-14)

output

Fig. IV-12. Tlustration of Class 4 use—executive control.
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Fig. IV-13. Illustration of Class 4 use—analytical design.

o

. For the desired activity retrieve necessary environmental conditions and their

acceptable ranges or limits (from ER).

. If the location of the desired activity is specified retrieve the data describing

the relevant environmental conditions at that location (from DS & R). If the
conditions satisfy go to 5; if not, go to r.

. If the location is not specified search the environmental data file and identify

areas which have the necessary conditions (from DS & R). If more than one
area is found itemized and print out their location together with information
about other activities which are conducted in the areas for the planner’s
selection (from DS & R). (The analyst, or planner would then select specific
sites and the process would continue and go to 5.) If one area which meets the
requirements is found go to 5. If no area is found with the required combina-
tion of environmental conditions print out a message to that effect and stop.
(The analyst could then restart the process by specifying a particular area

if desired. ’

. If the desired site does not have the right combination ot environmental con-

ditions print out this fact and identify which conditions are outside the allow-
able range or limits. The analyst would then judge whether to drop the plan or
find ways to alter the conditions. (Expanding beach by adding sand, dredging a
deeper channel are examples of such changes.) (The hypothesized changes can
be analyzed as a Class 2 use of the MIS.

. Given that the area (or areas) is found or made to have the right environmental

conditions, retrieve the data about other activities in that area (from DS & R).
Investigate the effects of instituting the desired (planned) activity on other
activities (from ER).

. From the data on the level and value of these activities (from DS & R) calcu-
late the costs and benefits associated with the planned change in use (from S & A).

. Print out the list of effected activities, the level of effect, the estimated costs

and benefits for use by the planner.
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Fig. IV-14. INustration of Class 4 use—based on analytical design.
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V. DEVELOPMENT AND IMPLEMENTATION OF MANAGEMENT INFORMATION
SYSTEM

In planning the development and implementation of a Management Information
System for coastal zone planning and resource management on Long Island we must

clearly differentiate between two aspects of the effort required. These are:

® the design and early irriplementation of a structured MIS, and

® the acquisition and inco'rporation into the MIS of the requisite

information, documents, data, analytical techniques, and models.

Managers and planners need information immediately to solve current, pressing
problems of marine resource use. What is needed then in the design of a MIS develop-
ment plan is a recognition of this immediate need balanced with an awareness of what
is required for an orderly, efficient development of the system for future needs. To
achieve this proper balance, it is essential that the use of the computer begin at an
early data, while the necessary information, data, documents, etc. are being acquired.
The initial computerized version of a given system component may not be identical
with a more complex form which evolves at a subsequent date. For example, i:nitiélly
the causal matrices in the environmental relationships component may indicate only
the existence or not be of a relationship while subsequent matrices may be expanded
both in form and content to describe the nature of the relationship in a probabilistic
or mathematical expression. |
The development of each of the individual components of the MIS will follow the

general steps outlined below. This sequence of steps is particularly applicable to the
development and implementation of the data storage and retrieval component, environ-
mental relationships component and the synthesis and analysis component. Steps one
and two are carried out durihg the first year of the development program. The

séquence of steps is:

1. Acquisition of information, documents, data, techniques, etc..to

(a) serve as ‘“handbook” information during system develop-
ment, and

(b) use for system component checkout.

2. Development and checkout of MIS component on a computer. This O

50

£

-

3

,,,

+
IR Em s



1

1

requires

(a) detailed specification of component elements including content,
format, interrelationships, etc., '

(b) coding and checkout of component computer program, and

(¢) testing with real or simulated data and checkout with other .
MIS components as they are implemented on the computer.

3. Establish on the basis of availability, need, complexity, cost, etc., the
relative order of incorporating knowledge, data and techniques into the MIS
component.

4. Develop and carry out the coding, modifications, and preprocessing re~
quired to incorporate a given set of data or a technique into the appro-
priate MIS component. :

5. Evaluate, revise, update, and expand the MIS components as part of a

system that evolves with changing needs, increasing knowledge and infor-

mation, and practical experience in use.

The detailed steps required for the development and»implementation of each of
the ¥MIS components is given in Table V-1. A schedqle for the first year of activities
for the development of each component is shown in Fig. V-1. The overall manpower
requirements and computer time needed to achieve the objective of an initial com-
puterization of the MIS after one year are estimated to be two man-years, and 10
hours of machine CPU time on an IBM 360/65 computer. Other manpower require-
ments for non-computer portions of the project during the first year are estimated to be
be t*;vo man-years. The non-computer portions of the project are indicated by asterisks
in Table V-1. The Marine Resources Council research program has addressed itself
to many of the activities indicated by asterisks in Table V-1. Consequently, this has
significantly reduced the level of effort to the above estimate on the non-computer
portions of the project during the first year. Without prior work we estimate that 10
man-years or more would be required the first year for non-computer work.

An important part of the description of the development and implementation of
the MIS is a discussion of its evolving functional status. A brief description of what
car. be expected from each MIS component after six months and one year of system

development follows Table V-1 and Fig. V-1,
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TABLE V-1
STEPS FOR DEVELOPMENT AND IMPLEMENTATION OF THE MIS

1. Data Storage and Retrieval Component Development

*(a) Identify and acquire documents and data,
*(b) Evaluate literature reference systems and select one for adoption,

{c) Write detailed specifications for EDF, RDF, and LRF and retrieval
routine.

(d) Code and checkout programs,
(¢) Test with data and with other MIS components.
() Revise, update, and expand data base (after first year)

2. Environmental Relationships Component

*(@) Develop a manual containing and describing the three causal matrices
and the standards matrix.
*(b) Develop most critical network linkage diagrams,
(c) Write detailed computer specifications for three causal matrices and
standards matrix.
(@) Code and checkout programs,
{e) Test with data and with other MIS components.
() Expand matrix information content by includmg quantitative relation—
ships (after first year),
(g) Revise, update, and expand causal matrices and standards matrix
(after first year).

3. Analytical Design Component

*(a) Establish priority identification of problems and activities.

*(b) List problem solving sequences of instructions for dredging, coastal
erosion, wetlands, etc,

*(c) Develop complete flow diagrams for above problems.

*(d) List problem solving sequences of instructions for specific planning
activities.

*(e) Develop complete flow dlagrams for above activities,
(f) Develop, apply, evaluate and revise additional problem solving

approaches (after first year); and computerize these approaches
where appropriate,

4. Synthesis and Analysis Component

*(a) Compile information on objective analysis techniques, statistical
analysis techniques, environmental simulation models, and cost-
effectiveness/cost-benefit models,

*(b) Determine the usefulness of the techniques and models and the form
of inclusion in the MIS,

- am e
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TABLE V-1 (Cont.)

(c) Write detailed computer specifications for the overall aynthesis and
analysis component and include selected "on-!...2' techniques and
selected descriptions of "of-line' techniques,

(d) Code and checkout programs.,

(¢} Test with data and with other MIS components,

(f) Selectively adopt a large number of relevant "off-line' techniques and
models for use within the MIS (after first year).

i

5. Executive Control Component

(a) Design (general) all elements of Executive Control Component,
(b) Develop data base management capability.

(c) Develop prototype analytical approach,

(d) Test and verify Executive Control and MIS operation.

i
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MIS System Development and Implementation—First year

Time after go-ahead (months)

Act. Description
314 5|6 8]9110]11 12
1. Data Storage and Retrieval
(a) Acquire data ' *
(b) Evaluate literature systems
1 (e) Specifications for EDF, RDF,
LRF land retrieval routine
Ad) Code and checkout _
(e) Data and MIS comp, test
2, Environmental Relationships
(a) Develop manual
(b) Add network diagrams -
(c) Specifications for matrices
(d) Code and checkout _
(e) Data and MIS comp. test A : : ——
3. Analytical Design . . ‘
(a) Establish problem priorities
(®) List sequence for dredging, etc.
(©) Complete flow diagrams for (b)
(@) List sequence for planning act.
(e) Flow diagrams for (d) ’ n
4, Synthesis and Analysis
(a) Compile techniques/models
(b) Evaluate adoptability
(c) Specs. for "on-line'" & "off-line"
d Code and checkout
(e) Data and MIS comp. test
5. Executive Control
(2) Design exec. control comp. :
(b Develop data base management
(c) Develop prototype analytical
approach _
(d) | Test and verify MIS *

5]

Fig. V-1. Component activity schedule,
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After six months of deveiopmental work, the functional status of each MIS com-~

ponent is as follows:

- information will have been compiled, organized and available in a
variety of forms (reports, punched cards, magnetic tape, etc.). The
LRF will be checked out on the computer with limited information

° : available, :

¢ Environmental Relationships—A manual will be available con-
taining and describing the three causal matrices, the standards
matrix and critical network diagrams.

I ® Data Storage and Retrieval-Considerable data, documents and

I ® Analytical Design—Complete and detailed flow diagrams together
with instructions for their use will have been developed for pro-
I blem solving sequences for dredging, coastal erosion, wetlands,

and water supply and waste water management.

e Synthesis and Analysis—Information on objective analysis
techniques, statistical techniques, environmental simulation models,
and cost-effectiveness models will have been compiled and organ-
ized. Those techniques and models that can reasonably be utilized
without a computer will be available for use.

¢ Executive Control—The functions of the executive control will
“ be performed manually,

After one year of MIS development, the functional status of each system compo-

® Data Storage and Retrieval—The EDF, RDF, LRF and required
retrieval routines will be available on the computer. Most of the
required data for the EDF and RDF, however, will be available only
off-line.

¢ Environmental Relationships—The three causal matrices (de-
picting '"zero-one" relationships) and the standards matrix will be
available on the computer. The Environmental Relationsghips
Manual is, of course, available for immediate reference,

I ) nent is as follows:

¢ Analytical Degign—Complete and detailed flow diagrams together
I with instructions for their use will have been developed for spe~
cific planning activities in addition to those available after the
I‘ . first six months of developmental work.

¢ Synthesis and Analysis—A limited number of techniques or
. - models will be available for use or described on-line on the com-
puter, Others are available for manual use only,
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® Executive Control—A preliminary computerized executive con-
trol for data base management and analytical approaches will be
available, Many of the functions of an executive controll will be
performed by the analyst (i.e., manually).

After the first year, increasingly more extensive and effective use of the com-
puter could be made within a MIS, given that sufficient resources are allocated for
system development. This would encompass greatly expanding the data base in the
EDF and RDF, including qualitative and quantitative relationships in the causal
matricés, developing generalized analytical problem solving sequences for the com~
puter, adapting off-line analytical techniques and models for selective computer use
within the MIS, and expanding the functions of the executive control that can be
accomplished (on option) within the computer. ' '
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APPENDIX A. DATA STORAGE AND RETRIEVAL COMPONENT

1. Introduction

The data storage and retrieval component of the management information system

(MIS) provides the physical, economic and social data required by planners and man-
agers for the identification, formulation and solution of problems involving marine
resources. The data can be retrieved selectively according to classification criteria
of subject, time or geographical location. The form, content and volume of data

required may vary significantly depending on use. Data may be required for

® direct output withoﬁt any additional processing,

¢ verifying that a problem exists and specifying the type of
analytical approach required and

® use in numerical or statistical analyses.

This appendix discusses, in some detail, the principé.l elements of the data storage
and retrieval component—the Environmental Data File (EDF), the Resource Use Data
File (RDF) and the Literature Reference File (LRF). The grid systems for depicting
the areal distribution of marine resource parameters in the Long Island area are
reviewed and finally; consideration 18 given to steps required for the development and
implementation of the data storage and retrieval component of the MIS.

The design of the data storage and retrieval component clearly reflects the
problem dimensions and knowledge requirements previously identified,

The eight dimensions are:

® Cause-environmental condition~effect relationships
® Natural environmental characteristics

® Reasons for dissatisfaction

® Incidence of costs, damage or dissatisfactions

e Intensity or severity of the problem

® Geographic location of the problem

e Time description of the problem

¢ Governmental-administrative jurisdictions.



The actual method of organizing and storing information in the file for selective
‘retrieval will make liberal use of the standard characteristic-item matrix, Columns
will represent characteristics such as key words necessary to describe the item or
may represent geographical subregions of the total area. Rows will represent items
_ such as physical descriptors, conditions or problems and reference documente;. The
elements of the matrix may be a binary yes-no indication of applicability or an iden-
tification of yet another matrix needed for a finer, more detailed search. The method
is well suited to electronic computer application and may even be adapted to physical
systems such as McBee edge punched cards. Specific details of each application are
included in the individual discussions of the three files in the component.

The knowledge requirements can be expressed in categorieé which are:

I—-Information about current human actions and natuial forces
affecting the environment. ' '

II—Information about the current physical and chemical states
of the environment. '

TI—Information about the current staté ot the marine related bicta,
IV—Information about desired uses of the coastal resources,

V-—Knowledge of processes by which actions and forces affect
the physical and chemical characteristics of the environment.

VI—Knowledge of the effects of actions and forces, and physical
and chemical conditions on the marine biota.

VII—-Knowledge of the impact of physical, chemical and biological
environmental characteristics on uses of the coastal resources.

VII—Knowledge of objective methods and procedures.

1 Environmental Data Fﬂe (EDF) :
The EDF is designed to provide specific quantitative data describing the physical,
chemical and biological characteristics of the Long Island coastal waters and adjacent

shores on a geographical basis. The data yield the information needed to satisfy
Categores II and III of the knowledge requirements, The EDF will be developed to
include data on the information given below.
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Physical Characteristics of Coastal and Estuarine Areas

location and volume of stream flows into coastal waters
location and volume of ground water flows into coastal waters
water surface area in bays, harbors, ete,

water depth by location

physiography of benthic areas by location

composition of benthic areas

physiography of shoreline areas by location

size and location of salt marshes, salt meadows and other wetlands
including their relative importance from fish to wildlife point of view

location and extent of offshore sandbars
location and size of inlets to bays and other estuarine areas

location, size, type and number of structures such as docks and
erosion control structures which may affect circulation, tides,
storm surges, etc. ‘

Chemical and Physical Conditions of Coastal . and Estuarine Waters

(by time and location for bays, harbors, streams, estuarine areas and
coastal waters)

water temperature
pH

salinity

dissolved oxygen
turbidity

water color

plant nutrients (primarily compounds of nitrogen and phosphorus)
levels and ratios

coliform bacteria
floating and setteable materal
toxic materials such as radionuclides, pesticides, and heavy metals

oil

Information About the Current State of the Marine Related Biota

Population characteristics of important shellfish species (oyster, lobster,
sea scallop, bay scallop, surf clam and hard clam) by time and location

numbers of individuals



size distribution

age distribution

growth rates of individuals
growth rates of biomass
population trend

ta

u

Population characteristics of important finfish species (Bluefish, Cod,
Fluke, Menhaden, Scop, Sea Bass, Striped Bass, Whiting, Yellowtail
Flounder, Butterfish, Blackback Flounder) by time and locatiop

® numbers of individual

e gize distribution

e age distribution

e growth rates of individuals
e growth rates of biomass

e population trends

Population characteristics of other iinportant marine fauna including marine
predators and pests (e.g., oyster drills, starfish) '

e numbers of individuals

® size distribution

® age distribution

° growth rates of individuals
e growth rates of biomass

® population trends

Population characteristics of important mariné plant species (eelgrass,
marshgrass, phytoplankton, algae)

© population density

® gize of individuals -

® growth rates of individuals
e growth rates of biomass

e population trends

Population characteristics of important migratory birds and other wildlife
species:
» numbers of individuals

e size and age distributions
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e growth rates of individuals

e population trends.

Because of the volume of data and the varieties of use for which the data are

v

required, it is essential that

¢ the data be identified with specific locations on a grid system

(discussed in Section 5 of this appendix), and
e variable length records for any particular location or region
be employed.

A manager or planner may desire to obtain all known measurements and observations
of physical, chemical and biological characteristics of the marine env-ironirlent at a
particular location or he may require the areal distribution of one or more of these
descriptors throughout the entire Long Island coastal region. The variable length
datz. records must be constructed to reflect the great variation in detail of information
on environmental parameters from one location to another; For many parameters,
the data are collected at several locations in the vertical (z) at a given horizontal ‘
locztion (x, y). Frequently, considerable supportive information such as the period of
meansurement (At), date and the time of day, the month or season of the year, etc, are
required to adequately understand and interpret the observation. The proper design
and development of a variable length record EDF requires both a thorough knowledge
of tiie important descriptors of the marine environment and a clear understanding of
the planned uses of the data within the MIS, A detailed concrete example of the con-
cept of the variable length record and its creation is given in the next section of this
appendix. '

The efficient retrieval of information from the EDF will be accomplished through
the use of search matrices. Since most of the data in this file must be identified by
subject, time and geographical location, more than one matrix will usually be
required. As an example, in order to simplify geographical location, the entire Long
Island coastal region might be divided into meaningful sub-areas according to some
criterion such as population, municipal boundaries, or simply large blocks of points
in a grid system selected for some characteristics such as economic state, These
areas would be represented by the columns of the search matrix. The items of

interest in the EDF would be informational type of data describing the area such as
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physical or chemicél characteristics, marine biota, etc. These would be represented
by the rows. Since time is the third identifying chara;cteristic of the data, the matrix
element, or intersection of row and column, would indicate a second search matrix
whose columns are time measures such as months, season, etc, If no further detail
were required in the item of interest from the first matrix, this second one would be
only one dimensional and would give a direct identification of the data record of
interest, However, should another level of detail be required to adequatély identify
the item, the second matrix would again be two dimensional and have as rows the
extended detail description. The matrix elements would then idgntify the data record
of interést. This extension of detail description can be carried to any level simply by
cascading the matrices as many times as necessary,

As noted above, the records must of necessity be variable length due to the
variety in types of data and available knowledge of the subject. In an electronic com-
puter this can be automated simply by creating a standardized descriptive record ahead
of the actual data record. This descriptor would then contain all information necessary
for the computer to "know' what the data record contains and where to locate it.

Figure A-1 shows a typical exémple of the use of search matrices in the EDF..

In the case of water temperature, the second search inatrix is one dimensional since

no further detail is required. If key words weré used, they would be, "AREA B, WATER
TEMP, SPRING." In the case of fish at least one more level of detail may be required
so the appropriate element of the first matrix identifies the second whose elements then
locate the data record. Key words in this case would be, AREA C, FISH, MACKEREL,
SUMMER.

IO. Resource Use Data File (RDF)

The RDF is one of the three basic data files which comprise the data storage and
retrieval component of the MIS. Its purpose is to describe, as completely as possible,
the series of problems of concern to marine resource planners throughout Long Island.
To meet this objective, a series of variable length data records will be developed for
computer processing and storage. Each record will contain all the information avail

able for a particilar problem in a specific, contiguous geographical area, i.e., shell-
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fishing off the coast of West Sayville, The information contained in this record can be

broken down into three categories:

e affected activity data;
e dissatisfied groups data; and

e causal activity data,

The variability in the data record length will reflect not only the complexity of
the indicated problem, but also the Véxtent of information available in each of these data
categories.

In order that the information contained in the problem data file be consistent and,
therefore, meaningful as a base for further analysis, it is necessafy that the meaning
of variables and their associated codes be explicitly defined. Section A of the following
discussior directs itself toward this end as well as describing some of the constraints
of the system, Samples of each of the five types of data iriput. sheets are shown in
Section B. Section C contains the set of coding instructions coi‘re_sponding fo the input
format in Section B, A Master List has been developed in association with this section
but is not included in this appendix because of its length. The list includes a coding

procedure for categories of

® Affected and Causal Activities,

e Environmental Conditions,

e Name Location of Affected/Causal Activities,

® Type of person or agency experiencing dissatisfaction,
¢ Reason for dissatisfaction,

® Agencies and

¢ Agency Functions.

A. RDF Variables

Affected activity data:

1. Record Identification

A 1—6 digit number will be assigned sequentially to all records, This record
identification code will be entered on all cards pertaining to this record.

2. Card Identification

Columns 10 and 11 of this code denote the card type, and the appropriate

s

s
_- - - -<

{

K '

w

®



.

]

1

3

I3 -

[N

numbers are preprinted on the coding sheets, Columnse 8 and 9 denote the
causal activity being considered and will therefore, contain zeros on card
types 1 and 2. Additional information concerning these coluns can be
found in the coding instructions for the causal activity data #1 form.

3. Affected Activity

Since this item of information is the focal point of the entire record, it
must contain an entry for the record to be accepted. The code for this vari-
able is selected from the Master List,

4, Pattern of Occurrence of the Affected Activity

A one digit code will be entered for each of the seasonal categories to
describe the pattern of occurrence of the affected activity during that season.
For example, if finfishing is a problem activity throughout the years, a code of 1
would be entered in columns 17—20. Also, if boating was found to be a problem
activity during the summer, a code of 1 would be entered in column 18, and a
code of 8 in columns 17, 19, and 20, Thus the meaning of the code is that the
problem doesn't occur in the other three seasons, not that the activity doesn't
take place,

5. Trend of the Affected Activity

This item of information will be coded to reflect the trend of the activify
as a problem, Thus in the boating problem cited above, the trend would be coded
as slowly increasing (2) only if this were the case during the summer.

6. Name Location of the Affected Activity

The code for the common~name area in which the affected activity is ‘taking
place is selected from the master list, When a specific name for the area in
question is not available, the name of the smallest geographical or political
entity containing the activity area will be names. For example, a finfishing
problem off the north shore of Long Island would have a name location of Long
Island Sound (320), This field must contain an entry for the record to be valid.

7. Number of Grid Points

Up to 4 grid points are allowed to define the area in which the affected
activity occurs. An area demarcation using one grid point is allowed if the
area can be effectually defined as a point source, i.e,, the launching of boats
at a particular site. If no grid points have been determined, an unknown code is
used (9). A zero code is not allowed. "

~

8. X and Y Coordinates of the Grid Location

The coordinates used are those corresponding to the Universal Transverse
Mercator system, If no grid points have been determined, all fields will contain
the ""unknown' code (999999), If, for example, 3 grid points are determined, the
fields for the entry of the X and Y coordinates of the fourth point will contain the
"not applicable'" code (888888). An all zero entry for any point is not aliowed.



Dissatisfied groubs data:

9. Number of Categories of Persons or Agencies 'E:'cper'iencing Dissatisfaction

Upto8 categori‘es are. allowed. for each problem data record. If more than
this number occur, a new data record will be developed. At least 1 category must
exist for the record to be valid, :

10. Category of People or Agency . '
“ The code for each category will be obtained from the master list.
11. Number of People in this Category

This code will be straight count. An unknown code (99999999) will be used
if the category in question is a public agency

12. Economic Value of Affected Act1v1ty to those in this Category

This code will be a straight dollar amount and is assumed to'be a loss. This

- loss may be a reduction in prof_lt or a measure of potential gain,
13. Time Frame -of Economic Value '

This code. dxsplays the economlc gain or loss (item 12) in a time framework.
14.>-' Reason for Dissatisfaction

The code for this item is obtained from the master list. If a particular
category of individuals has more than one reason for their expressed dissatis-
“faction, 2 dissatisfied group sectxons must be. fllled out to accommodate these
dual reasons. :

15. Pattern of occurence of VDi'srsat.isfactiOh
~ see item 4 - - ‘
16. Trend of Dissatisfaction

- see item 5 - -

Causal activity data:

17. Number of Causal Activities

This is a straight count, In the 1nstance where no causal activities hdve been
1dent1f1ed a "'99'" will be inserted m columns 8 and 9 of the card identification
code as in this item. :

18. Causal Activity _
, " The code.for' this activity will be obtained from the master list.
19. Validity of the Information

The -validity encoded here refers to the validity of this causal activity as a
cause, Thus a real link between the: causal actxvity and the affected actiwty
needs to be shown. : o
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21.

23.

24,

25.

26,

¢

Name Location of Activity
- see item 6 -
Number of Grid Points

- see item 7 -

. X and Y Coordinates of Grid Location

- see item 8 -

Number of People Céntributing to the Cause
An actual number is encoded.

Economic Value of this Activity

~ see item 12 -

Time Frame of Economic Value

- see item 13 -

Extent of Contribution to ihe Affected Activity

This encoded percentage will reflect a subjective judgment concerning the

contribution of this cause to the total effect.

a1,

28.

29.

30.

Pattern of Occurrence of Causal Activity

- see item 4 - '
Trend of Causal Activity

~ see item 5 -

Number of Environmental Conditions Affected
This is a straight count, with up to 7 allowed.
Environmental Conditions

The codes for these conditions are obtained from the master list. These

conditions function as the direct link between the causal and the affected
activities, The order of listing of the environmental conditions assume no
corresponding ranking of importance,

31,

32.

33.

34,

Number of Agencies Having Decision Making Authority Concerning this
Causal Activity

This is a straight count with up to 7 allowed.

Name of Agency

This code is obtained from the master list,

Level of Agency

This code is enumerated in the coding instructions,
Function of Agency

This code is obtained from the maéter list,
A-11



B. Data Input Sheets

Each of the following data sheets corresponds tb one input punch card. A problem

data record may contain from 3 to a maximum of 35 cards.

Affected Activity Data

1. Record Identification 2; ,

Card Identification

0 0 0 1
1 - 6 8 11
3.  Affected activity az=16) [ | | [ | |
4, Pattern of occurrence: spring a7 D
summer s [ ]
fall a9 []
winter @0y [ ]
[]

Trend of activity
Name location of activity

Number of grid points

[o o] -3 [#2] ()]
. . . .

First point—X coordinate
—Y coordinate

Second point—X coordinate
—Y coordinate

Third point—X coordinate
—Y coordinate

Fourth point—X coordinate

—Y coordinate

A-12
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@5 [_]

22 [T ]

@6-31) [

(32—37) [ ]

(38—43) [ ]

(44—49) | |

(50—55) ||

(56—61) [ |

(62—67y [ |

(68—73) [ |
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Dissatisfied Groups Data

1. |Record Identification 2. Card Identification
00|02
1 6 8 11
9. Number of categories a2 [ ]

10. Category
11. Number of people
12, Economic values
13. Time frame of value
14, Reason for dissatisfaction
15. Pattern of dissatisfaction: spring
summer
fall
winter
16. Trend of dissatisfaction
10 a. Category
11 a. Number of people
12 a. Economic value
13 a. Time frame of value
14 a. Reason for dissatisfaction
15 a. Pattern of dissatisfaction: spring
summer
fall
winter

16 a. Trend of dissatisfaction

@s-16) [T T ]

(17—24)
(25—35)

L1

[

|

L]

|

[

]
|

@6—=3n [ 1 ]
@340 [T 1]

(41)
(42)
(43)
(44)
(45)
(46—49)

(50—5T7)

(58—68)

(69—710) [ 1|
=y [ 1]

(74)
(75)
(76)
(17
(78)
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17.
18.
19.
20.
21.
22,

Causal Activity Data #1

1 6

Number of causal activities

Causal activity
Validity of information
Name location of activity
Number of grid points
First point—X coordinate
Y coordinate
Second point—Y coordinate
~Y coordinate
Third point—X coordinate
=Y coordinate
Fourth pbint—-X coordinate
—Y coordinate

Record Identification| = 2,

Card Identification

0 3

A-14
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(12—13) [:l:]

=®y | [ | [ ] ]
) [ ] |
(20—22) |:|:[:|

@3 [ ]

@—29 | | | | | | |
@35y | | [ ]
@—n | | | | |||
w2—an | [ | [ | | ]
@-s3y | | | [ | | ]
Ge—=s59) [ | [ [ | [ ]
@—es) | | [ | [ | |
@—-my | | [ [ [ 1]
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23.
24,
25,
26.
21.

28,
29,
30,

Causal Activity Data #2

. | Record Identification 2.

- |Card Identification

4
1 6 11

Number of people @2=19[ T T ] [ ]
Economic value @—=30yf | ] I | |
Time frame of value (31—-32) D:]
Extent of contribution to problem (33—35) [:l:[:l
Pattern of occurrence: spring (36) [:l

summer 37) D

fall @8 [ |

winter (39) D
Trend of activity @0y [ ]
Number of environmental conditions (41) D
First environmental condition (42—46) | | [ [ [ |
Second environmental condition @r-sny| | 1 ] | |
Third environmental condition (52—56) | | | | | |
Fourth environmental condition =61y T ] T | |
Fifth environmental condition 62—66) { | | | | |
Sixth environmental condition 6=y | | | [ | |
Seventh environmental condition (me=76) | | | 1 | |




31.
32.
33.
34.
32a.
33a.
34a.
32b,
33b,
34b.
R 32c.
33c.
34c.
32d.
33d.
34d.
323.
33e.
34e.
32f.
33f.
34f,

Causal Activity Data #3

Record Identification 2

1 6
Number of agencies
Name of first agency
Level of first agency
Function of first agency
Name of second agency
Level of second agency
Function of second agency
Name of third agency
Level of third agency
Function of third agency
Name of fourth agency
Level of fourth agency
Function of fourth agency
Name of fifth agency
Level of fifth agency
Function of fifth agency
Name of sixth agency
Level of sixth agency
Function of sixth agevncy
Name of seventh agency
Level of seventh agency |

Function of seventh agency

Card Identification

0 |5

11

@ [ ]
as~10) [T T
an [ ]
as—19) [ | ]
wo-29 [T 1 1]
@[]
@5—26) [ [ |
@30 [ [ ] [ ]
ey []
@233 [ [ |
@a-sn [T [ [ ]
@8 [ ]
39—40) [ | |
w—9 [ [ [ T ]
s [ ]
ae—any [ [ ]
wo—sy [T [ 1]
62 [
53—54) [ [ ]
s5-58) [ | | T |
69 [ ]
6o—s61) [ | ]
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C. Coding Instructions for RDF Input Sheets

General Coding Instructions

" All coding is right adjusted within its field and the field is filled with leading
zeros. When a card contains an item of information, all fields on that card must contain

an entry. A complete field of 9's indicates "unknown." No all zero ficlds are allowed.

Affected Activity Data

There will be one affected activity data card for each problem data record. This
card must contain a valid code for item 3 (affected activity) and item 6 (name location)

for the record to be accepted.

Item Columns Code
1. Record identification 1—-6 ~ as assigned -
2. Card identification 8—11 - as given -
3. Affected activity 1216 - seec Master List -

This field must
contain an entry for
the record to be valid,

4, Pattern of occurrence 17—20 ~ a one digit code
of activity will be entered for
each of the four sea-
sonal categories,

1 = constant
2 = random
3 = other
8 = not applicable,
doesrn't occur
9 = unknown
5. Trend of affected activity 21 1 = constant

2 = slowly increasing

3 = moderately increas-
ing N

4 = rapidly increasing

5 = slowly decreasing

6 = moderately decreas-
ing

= rapidly decreasing
9 = unknown

A-17



Htem Columns Code

6. Name location of 2224 -~ gee Master List -~
affected activity ' This field must
' contain an entry for
the record to be valid,

7. Number of grid points 28 - straight count (up to 4
allowed)
, 9 = unknown
8. X and Y coordinates of 26~31 - code as given in
grid location 32317 selected grid system -
38~-43 888888 = not applicable,
4449 field not needed
5055 999999 = unknown
56—61
6267
6873

A-18



Dissatisfied Groups Data

Since at least one category of dissatisfied individuals must be described for the
data record to be accepted, there will be at least one dissatisfied groups data card

for each problem data record. Up to 4 cards are allowed to accommodate the max-

M

imum of 8 dissatisfied groups. Only those cards containing information need be filled

- out,
Item Columns Code

1. Record identification 1—6 - a8 assgigned -

2. Card identification 8—11 - as given -

9. Number of categories of 12 - straight count (up to 8
persons or agencies allowed), There must
experiencing dissatis- be at least one category
faction for the record to be valid.

10. Category of persons or 13-—~16 - = gee Master List =
agency 8888 = not applicable,
field not needed
I 11. Number of people in 17—24 - straight count
this category 1 -~ 9,999,999 allowed
l‘ 88888888 = not applicable,
field not needed
99999999 = unknown
I 12. Economic value to those 25—35 - straight amount
in this category $1. - $9,999,999,999
allowed
l 88888888888 = not applic-
able no economic con-
sideration involved
I 99999999999 = unknown
13. Time frame of economic 36~37 1 =daily
value 2 = weekly
3 = monthly
4 = yearly

°

<

¥

A-19

5 = in the past 2 years
6 = in the past 5 years
7 = in the past 10 years
8 = other -

88 = not applicable, no

economic considera~
tion involved

99 = unknown



Item Columns

14. Reason for dissatis~ ' 38—40
faction

15. Pattern of occurrence 41—44

of dissatisfaction

16. Trend of dissatisfaction 45

Code

- see Master List -

- a one digit code will be
entered for each of the 4
seasonal categories -

1 = constant

2 = random

3 = other

8 = not applicable,
doesn't occur

9 = unknown

= constant
2 = slowly increasing
3 = moderately increasing
4 = rapidly increasing
5 = slowly decreasing
6 = moderately increasing
7 = rapidly decreasing
9 = unknown

This series of information is repeated for each dissatisfied group, i.e., 10a—16a,

A-20
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Causal Activity Data #1

One causal activity data #1 form is encoded for each causal activily enumerated.
The causal activity referred to by each card is specified in Columns 8—9 of the card
identification. If no causal activities are enumerated, a ''99'" is inserted in Columns

8—9 and all fields in card type 3 are filled with 9's. Thus there will always be at

¥

least one card type 3 for each problem data record. In the latter case, card types 4

and 5 are not coded.

‘

Item Columns Code
l 1. Record identification 1-6 ~ as assigned -
2, Card identification 811 - as given -
I 17, Number of causal A 12-13 - straight count up to 10
activities allowed) -
l 18. Causal activity 1418 - see Master List -
19. Validity of information 19 1 = documented
concerning causal 2 = partially documented
' activity _ 3 = not documented
9 = unknown
I 20. Name location of 20—-22 ~ gee Master List ~
causal activity
I‘ 21. Number of gris points 23 ' - straight count up to 4
recorded allowed)
9 = unknown
I 22, X and Y coordinates 24—-29 - code as given in
of grid location 30~35 selected grid system
' 36~—41 888888 = not applicable,
I 4247 field not needed
48—53 999999 = unknown
i 54—59
— 60—65
66~—1T1

A-21



Causal Activity Data #2

One causal activity data #2 form is encoded for cach causal activity enumerated.

tem ~ Columns Code

i

’

Record identification ' 1—-6 - as assigned -

23.

24,

25,

26.

217,

Card identification

Number of people
contributing to the
causal activity

Economic value of
the causal activity

Time frame of economic
value

Extent of contribution
to affected activity

Pattern of occurrence
of causal activity

8~11
12—19

2030

31—-32

33—35

36—39

A-22

- as given -

- straight count -
1 - 9,999,999 allowed
99999999 = unknown

- straight amount -
$1. - $9,999,999,999
allowed

88888888888 = not applicable

no economie consider-
ation involved
99999999999 = unknown

1 = daily
2 = weekly
3 = monthly
4 = yearly
5 = in the past 2 years
6 = in the past 5 years
7 =in the past 10 years
8 = other
88 = not applicable, no
economic consideration
involved
99 = unknown

- straight estimate of
percent
999 = unknown

- a one digit code is
entered for each of the
4 seasonal categories
1 = constant
2 = random

3 = other

8 = not applicable,
doesn't occur

9 = unknown

1
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Item

28, Trend of causal
activity

'S

29, Number of environ-
mental conditions
affected by causal
activity

I -l EE N = .

30. Environmental con-~
dition

'

§ |
L 3

Columns

40

41

42—46
4751
52—56
57—61
62--66
67—T1
72—-76

A-23

Code

= constant

2 =-slowly incrcasing

3 = moderately increas-
ing

4 = rapidly increasing

5 = slowly decreasing

6 = moderately decreas-
ing

7 = rapidly decreasing

9 = unknown

- straight count (up to 7
allowed)
9 = unknown

- see Master List -
88888 = not applicable,
field not needed
99999 = unknown



Causal Activity Data #3

One causal activity data #3 form is encoded for each causal activity enumerated.

Item Columus Code
1. Record identification 1-6 - as assigned -
2. Card identification 8—11 - as given ~
31. Number of agencies 12 - straight count (up to 7
having decision making allowed) -
authority : 9 = unknown

If the number of agencies
is unknown, all other
fields will be filled
with 9's

32. Name of agency 13—-16 ‘- see Master List -
8888 = not applicable,
field not needed
9999 = unknown

33. Level of agency 17 1 = federal
2 = state
3 = regional
4 = county
5 = bicounty
6 = municipal
7 = other

8 = not applicable,
field not needed
9 = unknown

34, Function of agency _ 18—-19 ~ see Master List -
88 = not applicable,
field not needed
99 = unknown
The latter three categories of information (32—34) are repeated for each agency

involved, i.e., 32a—34a.
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D. RDF Tape Record

The following is a description of the words (items of information) contained in

each problem data tape record. The vertical dots indicate the variable length scg-

»

ments of the record. A maximum of 564 words are allowed in any record.

i
i
i
| Word ¢ Content
1 - | Word count
I 2 - Record identification code
3 - ‘ Date of entry or update
I 4 - Affected activity
5 - Pattern of occurrence of affected activity
I 6 - Trend of activity
7 - Name location of activity
I 8 - Number of grid points (up to 4 allowed)
9 - Grid point 1 - X coordinate
l 10 - Grid point 1 - Y coordinate
I b .
16 _ - ' Grid point 4 - Y coordinate
I' 17 - - A Number of categories of persons or
agencies experiencing dissatisfaction
| or affected (up to 8 allowed)
I 18 - First category
19 - Number of people in this category
I 20 - ' Economic loss to those in this category
21 - Time frame of economic loss
I 22 - Reason for dissatisfaction
- 23 - Pattern of dissatisfaction
f 24 - Trend of digsatisfaction
= 25 - : Second category
- 73 - Trend of dissatisfaction of eighth category



Word #
74

75
76

(i
78
79
80

86
- 87

88
89
90

.91
92
93

94

100
101

102
103
104

123

Content

Number of causal activities (up to 10
allowed) '

First causal activity

Validity of information concerning
this causal activity

Name location of causal activity
Number of grid points (up to 4 allowed)
Grid point 1 ~ X coordinate

Grid point 1 ~ ¥ coordinate

Grid point 4 - Y coordinate

Number of people contributing to this
cause o

Economic worth of causal activity
Time frame of economic worth

Extent of contribution to affected
activity

Pattern of occurrence of causal activity
Trend of causal activity

Number of environmental conditions
altered by causal activity (up to 7
allowed)

First environmental condition

Seventh environmental condition

Number of agencies having decision
making authority (up to 7 allowed)

Name of first agency
Level of first agency

Pertinent function of first agency

Pertinent function of seventh agency
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Word # . Content
124 - 4 Second causal activity
564 - Pertinent function of seventh agency

pertaining to tenth causal activity

~ A564 word record would occur only if all data classification categories were
completely utilized. Specifically this would result if all of the following occur:
® All locations require 4 grid point coordinates for specification.

® Fight categories of persons or agencies experience dissatisfaction
or are affected

® Ten causal activities are involved, each causal activity altering
seven environmental conditions, and each altered environmental con-
dition involving seven agencies having decision-making authority.

The storage and retrieval of data from the RDF will be accomplished through
the use of search matrices similar to those used in the EDF, Here again, columns
may represent geographical sub-areas and rows, resource uses and problems, Time
categories and level of detail of available information may be identified by cascading
the matrices. . The variable length records may be automated on an clectronic com-
puter simply by including a standard descriptive record preceding the data record
which tells the computer what data is available and where it is located in the data
record.

Figure A-2 shows a typical use of search matrices for retrieving data from the
RDF. In this case there is only a single level of detail and time is not a factor,
However, the elements of the first matrix ean be coded to include information in
addition to indicating where the data record is. For instance, a zero code indicates
no resource use of problems at a location. A decimal number from 1 to 9 may
indicate a relative level of usage with no problem but a digit in the tens place from
1 to 9 could be used to code the presence and severity of a problem ereated by a
resource usage in the area. Another two digits may identify the planned usage of
the area, This type of coding could be extended to include a great deal of informa~
tion in the one matrix element in addition to indicating where the data record is

located, 'This would enable extracting information a number of ways without

A=-27



Resource Geographical
Area
Use .
| A B c | D...
Public Bathing
Shell Fishing
Bulk Oil Storage _
Solid Waste . 98* ~

Data
Record

*. .98 indicates a very high activity of
solid waste disposal which is ereating a
severe problem. :

Fig. A-2. An example of the use of coded search matrices in the RDF.

referring to the data record. For instance, all problems of a given severity or

higher in an area could be identified by searching down the columns of the area. Also,
all areas with a given problem of specified severity or higher could be identified by
searching the row for that resource usage. The same could be done for planned

usage.

IV. Literature Reference File (LRF)

The LRF provides a listing of pei'tinent source documents that may be required
for marine resource problem formulation, understanding or solution. A description
of the document (author, tifle, abstract, type of publication, publisher, etc,) is given
together with information fegarding its availability. Such a listing of pertinent
source material can be referenced according to.the following categories of informa-
tion:

. spbject(s)‘
e author(s)
e date of publication

® region of study.
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A number of literature referencing systems have been developed such as the
KWIK Index developed by IBM. mitially, existing systems should be compared and
evaluated in terms of their applicability to the literature reference system required
for the marine environment, »

Retrieval of data from the LRF will again make use of searchmatrices., Wherethere
might be no geographical locations involved in this file, the columns could represent
characteristics describing the available literature documents which the rows would
represent, A binary yes-no code could be used as matrix elements to indicate the
presence or absence of information pertaining to a characteristic for each document,
Where the characteristic was applicable, the element would also locate the data file
which would include reference information describing the document and where it can
be obtained. Normally each document would have one data file and characteristics
would be indicated by key words. _

In many cases more than one characteristic may be required in a given docu~-
ment. In these cases it may be desirable to construct a search vector with binary
elements corresponding to each characteristic or column. By using a one for each
characteristic desired and a zero for those not wanted, the result of multiplying
each document row with this vector gives an indication of how many of the desired
characteristics are included in each document, An acceptable threshold could be
specified so that only those documents equal to ‘or greater than this would be con-
sidered, Simple sorting methods would then list these documents in descending
order for further investigation. Where certain of the desired characteristics are
more important than others, the vector elements could be weighted to a value greater
than one, thus causing the results to be biased towards these characteristics.

' Figure A-3 shows a typical use of a search vector for retrieving information
from the LRF. This example is a case where water pollution laws are of primary
concern with slight interest in biological studies having been conducted. Document 3

is clearly most applicable, with Document 4 a close second,

V. A Review of Coordinate Grid Systems Available for Long Island.

A. A Criteria for Selecting a Coordinate Grid System for Marine Resource
Management

A grid system is needed for the purpose of organizing data pertinent to the
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Characteristics
Document Biol. Air Water .
Studies Poll, Poll, =
Laws Laws :

1 1 1 0
2 0 -1 0
3 1 0 1
4 0 0 0

Search Doc Result

Vector — —_——
All 1 1
B |0)| x Matrix = 2 0
C L4] 3 5
4 4.

Fig. A-3. An example of the use of a ﬁreighted gearch vector in the LRF,

management of the marine resources of Nassau and Suffolk counties on Long Island.
The system will perform at least three functions: '

1. The grid will provide a system of x, y and z coordinates to

locate the position of points in the marine environment.

2. The grid cells‘will serve as units of area and volume for
aggregating data,
3. The grid system will serve as a framework for presenting

~ data directly as output from a computer in the form of maps.
In comparing the merits of various grid systems, the following list of criteria
may assist in arriving at the system that best suits the needs of the Nassau-Suffolk

marine resources study, ‘The following features would be desirable:

&)

-1, The grid system should conveniently fit Long Island, the out-
lying islands and the territorial waters of New York State.

2. The grid system should be capable of incorporating data A
organized by other grid systems, If mathematical formulas )
are available the conversions could be done automatically.
by computer.
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3. The grid system should be flexible enough to provide several
scales or sizes of grid cells. Some problems will be dealt with
in the context of a harbor, or bay, others may encompass all of
the coastal waters of Long Island. The grid, then, must be flex-
ible enough to aggregate data at various scales appropriate to
the extent of the area and the nature of the problem under con-
sideration,

4, The grid system should facilitate the collection of new data,
and the reporting of phenomena, either by allowing automated
conversion of data from other grid systems or by providing a
simple, standard means of determining location by observers at
any point in the marine environment, above, or below the surface
of land and water.

B, Grid Systems Available for Long Island Tri-State Transportation Commission

Grid

The equal area grid system devised by the Tri-State Tranéportation Commis-
sion i8 adequate for locating points and aggregating land use data that can be identi~
fied on the aerial photographs used in their survey of the Tri-State region. There
are several inherent disadvantages of the system, It is not yet possible to automat-
ically convert the Tri-State grid coordinates into any other grid system, although the
mathematical formulation is said to be conceptually possible, The Tri-State grid
system is not geographically precise; distances measured by grid coordinates to not
correspond to actual geographic distances because of cumulative errors inherent in
the grid system.

Data of land use, populatio_n and transportation have been stored on computer
tapes according to the grid system. The smallest areal unit by which land use data
is aggregated is 1 of a square mile. Most of the data applies to the urbanized region
of Long Island that extends to about Riverhead in Suffolk County and excludes the two
eastern forks,

None of the planning boards in Nassau or Suffolk County have adopted the grid
system, nor do they use the data stored on tape, the reason being that the ; square
mile grid is too coarse for local and county planning needs.

Latitude and Longitude

The spherical coordinates of the earth's surface measured in degrees, minutes,
and seconds of latitude and longitude comprise a grid system of angular rather than

linear measurement. The shape of the grid cell is not square, and does not facilitate

A-31



computer graphic displays. 'The arc of a Becond of longitude in the vicinity of Long
Island represents a distance of al)out 75 feet; a second of latitude represents about
100 feet. Positions on Long Island can be expressed in 6 digits of latitude and
longitude representing a tenth of a second to within + 10 feet, The arc distance \\\
represented by a unit of latitude diminishes in moving northward. However, since the
north-south dimension of Long Island is only about 35 minutes, the variation in arc
distance is slight.

The Nassau-Suffolk Regional Planning Board and the Bureau of the Census are

exploring the possibility of having 1970 census data recorded using the address coding

guide prepared by the plannihg board. Node dots assigned to each block would be
located by latitude and longitude using two whole numbers and four decimals for
each coordinate, This system, if it proves feasible, would for the present only apply
to the Towns of Nassau County and the four western towns of Suffolk County for which
the address coding guide has been prepared. |

State Plane Coordinate System

State plane coordinate systems were set up durinig the 1930's by the U.S. Coast
and Geodetic Survey for each state in ofder to tie together all cadastral surveys of
property boundaries into a standard, pricise network. One grid was established
expressly for Long Island, using a cartographic projection and baseline alignment
that minimized distortion. Positions may be expressed as distances in feet from the
false origin located south and west of Long Island. United States Geodetic Survey .
quadrangles provide tick marks along the margins at intervals of 10,000 feet,

The United States Geodetic Survey makes available tables giving the plane coordin-
ates for 2-1/2 minute intersections of meridians and parallels within the 1imits of
Long Island.

The State of New York does not require that legal descriptions of property
boundaries be defined in terms of state plane coordinates. Only occasionally will
large development trécts include state plane coordinates, according to the Nassau
County Clerk.

Universal Transverse Mercator (UTM) Grid System

‘The Universal Transverse Mercator grid system was devised for military
mapping purposes, and has been included on all recently revised United States
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Geodetic Survey topographic maps. The grid system is called '""universal" because
each of the 1,000-meter grid squares is of the same size and shape, Under this
sysfem, the earth's surface has.been divided into zones of 6° longitude; each zone is
divided into 8° of latitude. This area is then further divided into 100 km squares
and numbered from the southwest corner.

Several features of the UTM grid recommend it for use in the Nassau-Suffolk
study. Locations in UTM coordinates may be translated into spherical coordinates
of latitude and longitude and into state plane coordinates. Tables for converting
from one system to another are available from the United States Geological Survey
in Arlington, Virginia. Another advantage for the UTM grid system is its geograph-
ical precision; points are defined to within 100 meters. Also, the UTM grid is
marked on the margins 6f United States Geodetic Survey top sheets at 1 km intervals.

The New York State Office of Planning Coordination (OPC) has adopted the
UTM grid for storing data in its statewide inventory of land use and natural resources
(LUNR). Aerial photos from which data is taken are at the same scale of USGS
7-1/2-minute quadrangles (1:2, 400). Since most of the state fits within a singie
UTM zone, the UTM grid of equal area and shape was a logical choice. Long Island
has not yet been inventoried by OPC, but the work should be combleted in the near
future, according to the OPC staff. .

The New York Department of Commerce is locating industrial sites by UTM

grids for the portions of the LUNR survey as they are completed by OPC,

C. Conclusion

The Tri-State grid aside from its geographical imprecision might become
feasible if methods are devised to translate other grid systems into it automatically.

The other three Systéms have the advantage of converting coordinates of one
system into another system, using tables and formulas provided by the U. S. Geological
Survey. These three other systems—the UTM grid, New York State Coordinate grid,
and the latitude~longitude grid—appear on USGS 7-1/2-minute quadrangles. (The
UTM grid is only included on Long Island quadrangles revised since 1954.) None of
these three systems have yet been used to organize data about Long Island. When

the Office of Planning Coordination completes its statewide survey of Long Isiand,
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land use and natural résource data will be available in 1 square kilometer units
of the UTM grid system. Any qf these three systeins would satisfy the criteria
as stated above, ' '

The Nassau-Suffolk Regional Planning Board does not presently use any of
the grid systems considered above, The Board is considering the possibility of
tying land use and transportation data to the census data origanized by block and
located by latitude and longitude. The Tri-State and UTM grids have been dis-
counted by the regional planning board because it is felt that land use data aggre-
gated by grids of 1/4 square kilometer is in too coarse a form for local or county
planning purposes. There seems to be no reason why the grid coordinates in either
the state plan coordinate system or the UTM system could not be used instead of
latitude and longitude. However, all three systems are translatable.

After reviewing the four coordinate grid systems available for Long Island,
the Universal Transverse Mercator grid system is recommended for the Nassau-
‘Suffolk marine resource management program. the UTM grid satisfies the criteria
stated above., As the UTM coordinate grid system is compatible with most other
grid systems, it could well become the bagis for organizing and compiling all plan-
ning data for Long Island, not only marine resource data, but land use, upland

natural resource, and population data as well,

VI _ Development and Implementation of Data Storage and Retrieval Component

The development and implementation of the data storage and retrieval com-

ponent of the MIS involves the following principal steps:

1. Identify and begin acquisition of all significant documents and
data describing marine resources and the marine environment of
Long Island and related social and economic information.

2. Evaluate literature reference systems and select system of
greatest usefulness for the MIS, Write detailed specifications
describing the content and format of the EDF and LRF and the
methods to be employed in processing data and information into
these formats. Section III of this appendix provides an example
for the RDF. Error checking and quality control procedures rust
be specified. Techniques for updating and maintaining the files
must also be included. '
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3. Establish initial guidelines which will be emploved to deter-
mine the form in which data and information will be placed
within the data storage and retrieval component. The EDI and
RDF will be developed over a period of years as morc com-
plete and detailed environmental data and knowledge become
available. The data and information are initially available

from documents and in a variety of formats on punched cards
and magnetic tapes., Guidelines must be determined to establish,
on a priority basis, the order of incorporating the data into the
standardized EDF and RDF elements of the data storage and
retrieval component, The guidelines must reflect the need, use
and potential benefits of the data to coastal zone planning and
management. Obviously, the resources required to process the
data must be evaluated. In effect, then, the guidelines must
reflect cost effectiveness and cost benefit considerations, It
should be noted that cost benefit and cost effectiveness models
are included in the synthesis and analyegis component of the MIS
and these might be utilized in planning the development of the
data storage and retrieval component of the system.

4, During the development period, the design of the data storage
and retrieval component must be evaluated in terms of its effi-
ciency of response to other components of the MIS, Specifically,
the adequacy of responses to

® provide direct unprocessed output data to the
executive control,

e provide data for problem verification and defini-
tion and for specifying an analytical approach in the
analytical design component, and

o - provide data for analysis in the synthesis and
analysis component

must be reviewed and revised where problems are encountered,
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APPENDIX B. ENVIRONMENTAL RELATIONSHIPS COMPONENT

I Introduction

The environmental relationships component of the MIS specifies cause-con-
dition-effect relationships which underlie problems associated with the marine
environment. The matrices are required to organize the established '""cause-
condition-effect' relationships., These relationships in turn can be presented by com-
puterization in the form of a network structure depicting the links. The matrix and
networks concepts are described in the next section of this appendix. The construction
and use of an environmental standard matrix is described in the third section. In
the fourth section the important factors affecting the development of the environmental

relationships component are discussed.

II. Environmental Relationship Matrices and Derived Networks

" The three basic matrices required to describe the cause~environmental con-

dition~effects relationships are:

1. Causal factors x environmental conditions affected—describes
the influence of specific causal factors (natural or man-controlled)
on the level (or change in the level) of specific environmental
conditions, :

2. Changed environmental condition x environmental condition affected—
describes the influence of a change in a specific environmental
condition on other environmental conditions.

3. Changed environmental condition X human activity affected—
describes the influence of the level (or change in level) of a specific
environmental condition on specific marine related human activity.

An initial representation of these three matrices, Figs. B-1~B-3, is included
for convenient reference in this appendix. As depicted here, a dot in a cell of the
matrix does not indicate the quantitative or even necessarily qualitative nature of.
the relationship. Initially each cell of the matrices simply contains a ""one'" if a
relationship exists, or potentially exists, and a ''zero" if there is no relationship
between the elements.

The design of the matrix and the procedure for obtaining derived networks

depicting cause-environmental condition-effect relationships must account for the
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Fig. B-2, Interaction among environmental conditions.
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Fig. B-3. Environmental conditions affecting human activities.
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following:

1. Depending on the manner in which a problem is defined, a
manager or planner may wish to examine the problem starting
with either a causal factor or an affected human activity. Thus,
the matrices must be capable of yielding networks derived from
either starting point.

2. Initially the cells of the matrix may contain only a "zero' or
"one" indicating the presence or absence of a relationship between
the elements defining the cell. However, as further research is
conducted and information collected it will be possible, based on
expert judgment, to specify the nature of the relationship in more
objective but still qualitative terms (e.g., the degree of interaction
on a 0—9 scale). Finally as additional knowledge is acquired it

will be possible to specify the relationship in either an exact (mathe-
matical) or in probabilistic (statistical) form. The matrices will,

in effect, provide a mechanism for organizing and catloging researck.
results; and hence must be flexibly designed with efficient accessing
procedures for periodic expansion and updating of content. This
comment applies both to the content of the individual cells and the
dimensions of the matrices (number of elements included on either

axis).

Figure B-4 illustrates conceptually the relationship between the three causal
matrices. Starting with a given causal factor, two network diagrams are derived.
In the first diagram all relationships are accounted for, This would be the only'
possible derived network from a set of '"zero-one' or ''yes-no'' matrices defining
only whether a relationship exists between the elements of the matrix. It is en-
visioned, however, that the matrices will be updated to describe the nature or strength
of the relationships by using a coded value (e.g., 0—9, or another appropriate scale
of numbhers). This can be accomplished without having a complete quantitative des-
cription of the relationship between two elements of a matrix. It will, in fact, be
necessary for the identification and solution of many problems, When all possiktle
relationships are accounted for, and stored in the MIS in the matrix framework
including those which are weak, they can be displayed in output format as networks
or ''decision tree'" diagrams (see Figs, III-2 and B-4). We recognize that extremely
complex networks will result in many instances, and it may be difficult to identify
critical information. A simplified network can be derived from some problems,

however, if only the very strong, critical relationships are included. For many pro-
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blems and activities it will undoubtedly be desirable to consider both a network

depicting all relationships and one showing only the critical relationships. The

potential complexity of the derived networks can be verified simply by starting

with a given causal factor, e.g., erosion, road building and tracing through the
three causal matrices to determine the environmental conditions affected
directly (ECA), Fig. B-1 and those changed (CEC), Fig, B-2, and the correspond-
ing human activities affected (HAA), Fig. B-3. It is clear that a manual, pro-

blem by problem, development of the required networks will consume considerable

- time and effort. The development schedule for the MIS, given in Section V of the

report, was prepared with the recognition that it would be desirable to begin
employing the computer for this purpose dufing or by the end of the first year if
possible,

The causal matrices and the networks derived from them allow a great deal
of flexibility in approaching probléms dealing with uses of the marine environment.
The structure permits problems to be approached in the following three ways:

e Given a causal factor, one can determine the affected environ-

mental conditions and changes in these conditions and hence the
human activities that are affected. '

e Given a human activity, one can determine the changes in
environmental conditions that are important and the causal
factors that can affect these changes.

¢ Given a changing environmental condition, one can deter-
mine the human activities affected and the causal factors
related to the changing environmental conditions.

Thus, the planner and manager will be able to establish causal relationships

starting with any of the following:

e a causal factor, e.g., sand and gravel mining,

® a changed environmental condition, e.g., surface water
chemical changes, or

e a human activity affected, e.g., fishing.

Thus far, we have discussed the evolution of the causal matrices through two
stages of development. In their initial form, the matrices define whether a rela-
tionship exists and in the second stage of develbpment the matrices depict

b =
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N qualitative estimates of the strength of the relationship In the third stage of
‘ development. a qunntitative deseription of the relationship will be utilized when
available, "
In the third stage, each cell of the causal matrix will be coded to indicate
both the strength of the relationship_ an_d whether a quantitative (math_ematical or
- statistical) description of the relationship exists. The inform'ation required to
lccate the quantitative relationship' within the MIS will be stored ina separate

matrix in the environmental relationships component The quantitative relation-- '

ships will be obtained in three ways.

e Environmental relationships component—An environmental
relationships file (ERF) will be established to contain simple
or compact mathematical and probabalistic relationships.

e Synthesis and analysis: component—Many of the relationships
will be quantified through the use c»f environmental simulation:
models that are either on~line or off-line elements of this
system component

@ Data storage and- retrievsl-—Some of the more complex
quantitative relationships will be available in documents de-
scribed in the LRF.

“In this third stage of development of the causal matrices, the importance
ofa flexibly designed MIS and the value of increased computerization of the

_ system become very evident.

m., Environmental Stundards Matrix ]

A fourth matrix included in the environmental relationships component of
the MIS will describe Environmentnl Conditions Standards X Human Acitivity
This matrix will contain quantitative data limits a8 specified by standards or

' requirements for various descriptors of the marine environment in relat ion to

| .categories of human activities. I is clear that the comments in Section I _
' 3 regarding computer design apply here also, as this matrix will be irequemtly

' updated and expanded to reflect changing and more comprehensive marine
environmental standards. The MIS should have the capability to provide stand-
~ ards information automatioally, on opticn, along with relationships established
by the Changing Environmental Condition X Human Aotivity Affected mat rix dis~
cussed in the preceding section. '
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IV. Development and Implementation of Environmental Relationships Component

Initially the matrices described in the preceding sections will be contained in

a handbook along with a number of derived networks that have been developed in

¢

response to the most frequent planning and management requirements. An cvolution

toward computerization of the environmental relationships component of the MTS,

o

however, will be required as:

1. an increased number of qualitative relationships are developed
along with a judgment as to strength of the relationships,

2, quantitative relationships replace qualitative relationships to
describe the relation between elements of the matrices,

3. the complexity of planning and management decisions requires
a large volume of derived network linkages, and

‘4, the number and complexity of defined environmental standards
increases,

-
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APPENDIX C. ANALYTICAL DESIGN COMPONENT

1. Introduction

The analytical design component of the MIS provides the mechanism for identify-
ing stebs required to conduct the analysis of a particular problem or planning objective,
Given a request, the appropriate approach for that request will be extracted from this
component and used to provide the information that will best suit the needs of the
decision making body.

Approaches are needed for each of the significant problem types or classes which

come up frequently enough to warrant the development of standardized procedures.

II. Content and Format of the Analytical Design

The analytical design for a particular problem can be formulated in the form of
a list of sequential steps to be taken and the decision points and "bfanches" or paths
which will be followed, depending upon interim results, as the analysis progresses.
The approach can also be depicted in the form of a flow diagram containing the same

decision points and alternative paths. The approach will specify:

¢ data needed for analysis
® questions to be answered
® procedures for acquiring answers

e alternative steps to be followed depending upon adequacy of
data ' : ‘

e alternative steps to be followed depending upon results -
e criteria to be used in determining which path to follow

e guidelines for evaluating and selecting alternatives to be
presented for the decision maker

e output information and format required for presentation,

Figures IV-11 and IV-12 (extracted from the main body of the report) illustrate

the initial formats which the analytical design for a 'particular problem will take,

III. _Development and Implementation of Analytical Design Component

The analytical design component will be developed in a problem by problem
sequence with a priority established by the importance of the problem.



Fig. IV-10, Illustration of Class 3 use-—analytical design,

1.

10.

11,

12,

For location of the problem retrieve information on acceptable’ activlties (Data
Storage and Retrieval Component).

. If the activity desired is not compatible with those acceptable reject the pro-

blem and inform initiator that his activity is not a "conforming' use. Stop the
analysis.

. If the activity is compatible retrieve data for the location on the particular environ-

mental conditions (from DS & R).

If current data does not exist determine if the problem warrants data collection.
If not notify the initiator and stop the analysis. If it does, get action started and
postpone further analysis until data is available.

. I there is current data compare its values with the limits and range within which
the desired activity can be conducted from Environmental Relationships Components).

If the observed data values fall within the acceptable range so notify the initiator
and stop the analysis.

If the observed data values are outside the acceptable range check the past data
against the current data to ascertain the trend in condition. If it is constant on
decreasing in severity inform the initiator and stop the analysis (from D & SR).

If the conditions have deteriorated search for poténtial causes of the change.
Identify the network links which lead to changes in this particular condition
(from ER).

Using data on activities (from DS & R) and the relationships in the links (from ER)
attempt to identify an existing activity which is likely to be the cause. Use data
(from DS & R) as necessary to perform the analysis. (For example, water circula-
tion patterns, direction and velocity will help to identify sources of a part1cular '
water pollution incident.)

If data or knowledge are not adequate to- reach a reliable conclusion seek expert
judgment outside the system and stop the analysils or collect data and do research,
model studies (S5 & A).

If a cause is established identify and evaluate possible solutions. Such solutions
may include: . .

¢ do nothing
e stop the causal activity
e alter the causal activity

Present the data and information for the deeision body to act upon. Cause-effect
relationships, alternatlve actions, values and impacts of each alternative. Stop
the analysis. :
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Fig. IV-11. Illustration of Class 3 use—based on analytical design.
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Fig. IV-12. Nlustration of Class 4 use—executive control.
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The initial format of an approach will be as a list of instructions to be sequenr-
tially followed by the analyst. As the system evolved into a more sophisticated form
the lists will be converted into coxﬁplete flow diagrams which will then not only guic‘z‘(-
the analyst, but will also serve as a guide for programming the approach for computer
applications.

The special studies for water supply and waste water management, dredging,
coastal erosion and wetlands form the background information for the first four approaches
to be formally specified.

Following these, the development will be concentrated on the different approaches
for specific planning activities, These should be available by the end of the first develop-
ment year.

Beyond the first year additional approaches will be developed and, those that have
been developed will be applied, evaluated and altered as necessary to make them truly
operational,

Computerization of the analytical design component will not be practical under
the present state of knowledge because of the tremendous variability in the possible
results and different paths which can be followed. There will be a number of places in
an analysis where the judgment of the analyst will necessarily supersede any formalized
approach. This condition will hold for the forseeable future.

When computerization is undertaken the initial form will require a constant

monitoring by the analyst who will still perform the major decision function in an

analysis,
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APPENDIX D. SYNTHESIS AND ANALYSIS COMPONENT

I. Introduction

The synthesis and analysis component of the MIS provides the function of com-
bining and analyzing quantitative data to yield specific and interpretable information
to the manager and planner. The analytical techniques available can be grouped into

four general categories:

(a) objective analysis on a geographical basis
(b) statistical analysis,
(c) environmental simulation models and

(d) cost benefit/cost effectiveness models,

This appendix lists some available analytical methods that would be considered
for inclusion in the synthesis and analysis component. Most of the analytical methods
and models would not be an integral part of the computerized synthesis and analysis

component of the MIS, but will be available on call for use as required.

II. Objective Analysis on a Geographical Basis

A variety of objective analysis techniques exist for obtaining values of a vari-
able at regularly spaced intervals (grid points) from values observed at irregularly
spaced observation points. Some of these techniques (for example the first one
described below) have been used operationally in the field of meteorology for over
a decade. They can be applied with little or no adb,ptation to the needs of the MIS,

The three techniques cited below are typical examples of those which are available,

e Successive Approximation Technique (SAT)-l-/ ~Interpolated values of
the variable are obtained at each grid point by means of a series of
corrections made to the initial value at the grid point (initial guess).
Each observation within a given radius of the grid point is used in

the correction and is weighted according to its distance from the

grid point.

_l/ Cressman, G. P., 1959: An Operational Objective Analysis System. Monthly
Weather Review, 87, 10, pp. 367—374, . '




¢ Conditional Relaxation Analysis Method (CRAM) 2/ —CRAM
is a procedure for interpolating between observations. It
requires that the grid point values satisfy Poisson's equation,
subject to constraints imposed by the obaervations and
boundary values,

¢ Numerical Variational Analysisg/ This analysis approach

uses diagnostic and prognostic equations to supplement observa-
tions.

IOII.  Statistical Analysis

A large number of ""standard' statistical analysis techniques are availnble for
developing, describing and evaluating the significance of relationships. These
statistical methods are described in many comprehensive texts on statistical
analysis and for this reason most techniques are simply listed below without further
comment. | ’

e Computation of ''simple’’ statistical measures: mean, mode,
median,standard deviation, variance, etc,

e Simple data tabulations: hxstograms contingency tables,
scatter diagrams, etc.

¢ Random number generation; Monte Carlo Analysis
® Bivariate Correlation Analysis; Partial Correlation
¢ Multiple Regression Analysis

®  Regression Estimation of Event Probabilities y-—This tech—-
nique provides separate regression equations for predicting
the probability of occurrence of each category of a predictand.

® Analysis of variance

2/ Thomasell, A, and J. G, Welsh, 1963: Studies of Techniques for the Analysis
and Prediction of Temperature in the Ocean. Report 7046-70, The Travelers
Research Center, Inc., Hartford, Conn,

3/ Sasaki, Y., 1970: Some Basic Formalisms in Numerical Variational Analysis,
Monthly Weather Review, 98, 12, pp. 875—898.

Y Miller, R. G., 1964: Regression Estimation of Event Probabilities, Report
7411-121, The Travelers Research Center, Inc., Hartford, Conn,
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e Factor Analysis—An analysis of variance technique used to
examine two—or higher order dimensional arrays to determine
significant relationship patterns and data groupings.

® DPower Spectral Analysis—Spectral analysis is used exten-
sively in the field of meteorology to determine the statistical
mean energy that is found at various scales of motion.

e Statistical Significance Tests-—A variety of tests exist to
examine the significance of a distribution or relationship, i.e.,
the probability that the distribution or relationship was not due
to chance. These include the Chi-square test, F-test, Students
t-test, and tests of the fit of a sample to the normal or Poisson
distributions.

IV. Environmental Simulation Models

Three classes of models were described in CEM Report 4047-411 5/ as being
potentially applicable to the Long Island coastal environment and are summarized

below,

Sl

“«

-~

" ® Hydraulic models are small-scale threce dimensional replicas

of rivers and harbors. They are typically constructed at scales

in the order of 1:1000 in the horizontal and 1:100 in the vertical.
These models might be expected to explain aspects of tidal circu-
lation, and salinity patterns as they are influenced by shoaling,
wind and storm actions, dredging, freshwater flow and tidal action.
The Corps of Engineers has constructed hydraulic models for
Fire Island Inlet and Moriches Inlet on the south shore of Long
Island.

¢ Hvdrodynamic models based on the equations of motion and
continuity for a fluid particle are used to examine circulation
patterns. The computations require the use of high speed com-
puting facilities and yield the velocity field and the water height
field for a given body of water. The models arc employed to
study storm surge, shoaling, flow through inlets, and salinity
patterns, A two dimensional hydrodynamic model of Jamaica Bay
is currently being investigated. A second model appropriate for
bays,. is available in a general form with a complete listing of the
requisite computer program and instructions for its use.

l Ortolano, L. and P. S, Brown, 1970: The Movement and Quality of Coastal
Waters: A Review of Models Relevant to Long Island, New York. CEM 4047-411,

The Center for the Environment and Man, Inc,, Hartford, Conn.



e Water Quality models are mathematical representations
designed to assess the mixing, transport and reactions of sub-
stances contained in wastewater discharges. They are useful
for predicting the concentration of wastewater constituents in
coastal waters as a function both of time and space. A two
dimensional form of the advection—diffusion equation is being
used to model water quality in Jamaica Bay.

V. Cost Effectiveness/Cost Benefit Methods

A large number of cost effectiveness/cost benefit methodologies have been
developed to compare costs of carrying out a series of activities, determine the
relative effectiveness of alternative activities and estimate the various benefits
that would be derived from eéch activity. The cost effectiveness method dis-
cussed below is one example of the methodologies that have been developed.

6/

A cost effectiveness methodology has been developed recently~ which con-
siders

® data collection requirements,

® data collection platforms, and '

® quantified expert judgment.

The model is designed for evaluation of marine environmental data collection
systems. The model incorporates quantified expert judgment concerning data users'
requirements and estimates of system performance and costs, This requirements

information is obtained in the form of non-linear Relative Worth Curves relating

worth of data and the capability to meet stated requirement characteristics, and also
in the form of relative weights (or, priorities) for parameters, layers, sites and
regions, Computer programs and instructions for their use have been prepared for

each of the three components:

e (Capability Model,
o Reliability Model, and
) Regional Effectiveness Model,

&/ Northrop, G. M., E. L. Davis, E. R. Sweeton and F. L. Bartholomew, 1970:
A Cost Effectiveness Methodology for Environmental Data Collection System. CEM
Report 4053-430, The Center for the Environment and Man, Inc., Hartford, Conn.
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In addition to the above analyses, the benefits to be derived from alternative systems
can be compared to system costs in Cost-Benefit analysis. The methodology de-
scribed above could alao be adopted to evaluate the economic impacts of alternative

uses of marine resources.

VI. Development and Implementation of Synthesis and Analysis Components

The development and implementation of the synthesis and analysis component

of the MIS can logically be described by the steps outlined below.

1. Assemble information on the analytical methods and models listed
above. The information should include

e a complete description of the technique, its complexity
and the type of applications for which the technique is most
appropriate,

® a discussion of the input data required, computations
involved and output data and information obtained, and

® a description of the computational hardware require-
ments (desk calculator, small computer, large computer,
etc,) and the source for the technique and model (text book,
binary deck, magnetic tape, etc.)

2. Considering the knowledge requirements of managers and
planners, select those techniques and models that are most valu- °
able for inclusion in the synthesis and analysis component.

3. Determine those techniques and models, which because of their
simplicity or high rate of use, should be included directly "on-line"
within the synthesis and analysis component. This might include
for example the computation of simple statistical measures (mean,
variance) and capability for simple statistical data tabulations
(histogram or frequency tabulations and contingency tables).

4, Develop a complete ''on-line'" description of all other tech-
niques and models, This will include a discussion of the analysis
technique, its input data requirements, its location and form, and
how the technique is input to the MIS system,
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APPEND]X E. EXECUTIVE CONTROL COMPONENT

I. Introduction

The purpose of the Executive Control Component is primarily to serve as the
interface between man and machine in that the input language used by the analyst must
be translated to direct action by the system. It must also be the custodian of the data
base by being able to enlarge and update data files as new information becomes available,
and it must be flexible enough to accommodate new components and related interfaces

to other components as new knowledgeand analysis procedures are developed.

1, Use of the MIS

The purpose of the MIS is to provide information to the analyst which ig relevant
and useful towards making decisions concerning a topic under study. The relevancy
and usefulness of the information produced by the system is determined by two different
methods. It may be judged by the analyst who requests specific data and how it will be
analyzed and displayed, or it may be deter!ﬁined by the system itself using stored-
approaches previously developed, |

1. Data Reque'sts. Where the analyst requests specific information, the Execu-

tive Control (EXC) will determine this by key word input and then turn control over to
the Data Storage and Retrieval (DS & R) component which will then identify the data from
the input as to type, geographical location, time, etc. Using this information the DS & R
will locate the appropriate data file if it exists, confirm that the requested data are -
available, extract the data and then return control to the EXC. Should the DS &R not

be able to locate the data, this indicati_on would be displayed in the output and EXC
informed which would then terminate this request and turn towards the next input. If
the data were successfully retrieved, EXC would then check the input request for special
processing or display instructions. Again, these would be in the form of ke.y words
relating to the processing routine in the Synthesis and Analysis component to which the
EXC would identify and pass control along with thq data. The processing routine would
then complete the request and return control to EXC which would again check the input
and repeat the procedure until all processing requests were fulfilled at which time the
request would be terminated and the next input identified,

2. Stored Approaches. Where the analyst prefers to work on a higher level and

accepts the relevaney and usefulness of data as determined by previously developed

E-1



approaches, this would again be indicated in the input and recognized by EXC. Each

analytical approach will be in the form of a complete autonomous sub-program for
each general topic "and will be stored in the analytical design component. Upon discovery
by EXC that a stofed approach i8 requested, the topic to be analyzed will be identified
from the input and control will be turned over to the appropriate sub-program,

Each sub-program will be unique in that its analysis approach will have been
designed and structured by persons khowledgable in the field or topic being analyzed.
In many instances, one may call vupon another to perform a specific analysis neces-
sary for evaluation of a larger, more comprehensive area of interest. For instance,

the analysis of a dredging proposal may require an analysis of loss of a wetland due to

spoil disposal. If this wetland contributed to the shellfish industry, an analysis of the
economic impact due to the loss of this contribution to the industry may be necessary.
Thus, although the sub-programs may be used for independent, separate analysis
themselves, they may also be combined to form other more comprehensive analyées
simply by structuring other sub-programs to include them. This not only affords the

analyst a choice of level of investigation but also facilitates new analytical approaches

C2nd

to be added to the MIS as better understanding of the relationships between factors

becomes known. Each analytical approach will use other components as tools and

o

materials to build and present to the manager a collection of meaningful information
which is essential or useful to him in arriving at managerial decisions, The level of
sophistication of these approaches will vary widely and may range from initially a
simple listing of all available data which is pertenent to a topic to ‘sophisticated
analytical techniques which come closer to automatically making many decisions faced
by the manager, They will be evolutionary and will be determined by the knowledge and
data available and the understanding and expertise of whoever structures them, Figure

E-1 shows the basic general flow of the MIS,
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